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.SUMMARY 



Module No:- 



Approx. Time: 
38.5 hours * 



tV>du1e 

Advanced 



:ed \Chemistry,for '. 



Page 1 Jll 



Operators 



Submodule Title: 

Recfctions in Water Solutions, Organics and Inorgapics, 
Coagulation. Pesticides. Heavy Metals, and Radiati.on 



Topic: 

■ 4, 



Obje.ctives: 



I 0 



Upon* completion of this module the participant should be abllp to examine 'reactions 
in water ^oluttons, identify organise and inorganic cpmpoundsl'' explain 'coagulation, 
identify the\arious*atti;i^utes of pesticides, examine heavjtlmetals, and relate 
the various aspects, of radioactivity. 



Instructional Aids: 
Handouts 1-10 



Instructional Approach: 



\ Di 

t • In 



scussion 
Interpretation of Handouts 
Lecture 



./ s 



References; 

Chemistry Made Simple by Fred C. Hess. 
Applied- Chemistry of Wastewater. Treatment, Ann Arbor Series, Ma*icy, McClei-Und, 
Pohland, 1974. ' : V ''| ^ j 

Chemistry for/Sanitary Engineers, SaR/yer and McCaVty. 
Chemistry for Laboratory Technicians, Stanley Chefim, ;1971* 

Modern ChemixaT Technology, Vol. 3, Chemical Technician Curriculjpm Projfect, 1971. 
Manual of jfristruction for Sewage Treatment Plant Operators, Healfh. Education 
Service 

Water Supply and Pollution Control, Clark and Viessman, 1965, 
-Chlorinated Hydrocarbon Pesticides in^Bottom Sediments,* Don L. Kr^iens, Univ. of^ 
-\ Iowa/Library, 1972. 



Class AssignnK*nts: 
Review handouts and reading assignnnfents as showp- in mddule. 
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Module Ho: 



Approx. *T1me: 
h hour 



Module Title: • 

Advanced Chemistry , 



Submodule Title: 
■Reactions in Water Solutions 



Topic: 

Pfclarity - Nature of Wate 



Objectives: * ' ' . ~ ^ 

Upon completion of this- module, the participant should be able to: . 

1. ^tate that the smallest part of .w§ter fs the water molecule.* ^ 

2. Indicate that hydrogen has r prbton, l^>ectr6n, oxygen, 8 protons,, >■ 
8 electrons, and describe the hydrogen oxygen^; bond. . . 

3. Illustrate polarity* in a water m.blecule and describe the mechanism of 
polarity - indicate i-ts eleeticfical neutrality. 

4. Descifibe that "Water molecules are held together by hydrogen bonds and 
molecules move continuously as groups ip solution. 

: _J ' — ^ ' 



the 



Instructional Aids: 
Handout No:"l - Polarity of Water 

4 



Instructional Appro.^ch; * 
Discussion' 

Interpretation of Handout No. 1 



Mferences: 



Chemistry Made 



Fred C. Hess, Doubleday and Co.-, 1^55i 



' Applied Chemistry of Wastewater Treatment, Water* ahd' It* s Impurities, Mancy, 
McClelland, Pohland, 1974, Ann' Arbor .Science Series. 



Class Assignrnents: . « ' 

Read Handout No. 1 ^ ^ ^ . . 

Read P. 114, 115 Chemistry Made Simple 
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Module Hdi 



Topic: 



Polarity - Nature of Water 



Instructor Notes: 



P. 114, 115 Chemistry Wade 
Siniple - Water . 



Handput'No. 
.Water 



X - Polarity of 



PP. 55 - 74, Unit II, Water 
, and It's Imptrri ti es , Ann 
»- Arbof Series - The Polarity 
of Water 



Hapdout,No. 1" 
Water 



- Polarity:-of 



\ 



— '-^ — 

Instructor Outline: 



Objecti v#l Water Molecules 



The individual unit of water" is H2.0.but each, 
have the fomula in sequence one, should not\ " . 
necessarily: think of a sing\^ 'molecule. Water' is 
essentially in all li-fe procks-es, -is natures-^, 
most important ch^ical compound; Other not'able 
properties of water include, its great solvent*^-" 
action and it's- temperature of maximum density . 
at 4° C. The relationship between temperature • 
and density of. water could be used to explain 
the fact that freezir^g" takes , pi ace only on the 
surface of water and is • responsible for spring 
and fall "turnovers" in natural water systems.- 
Water is an important electrolyte ^nd re'acts 
with many compounds and 'elements. 



Objective' 2 & 3' 



Electrical Nature of Water and 
Pol ari ty 



Briefly describe th.e elec'tric^J nature of water 
in terms .of electrons in ojQ'gen anfd hydrogen. 
Introduce pola,rity arvi nonpolarity of compounds 
and emphasize that I'ike dissolves like. 
Mole^cules. arjB neutral, and positive cftarges in 
therti are canceled out byi. the. negative charges 
however, the charges in some molecules are 
separated so th'at. one end is positive andXthe 
othe'r^egatlve, yielding po1^ cortipounds. Xsk. 
magnetic polarity as a comparison..' 



Objective 4 



Water MQiecu5es as Group's 



Interpretation , of tRfe Handout No. 1 should be 
*. discussed in detail but not to the-extent that 
it is .that -extremely important. Emphasize water 
as a; good solvent and polar compounds will ,not 
dissolve in nonpolar ones. >. , - 

" . ' " "...»; 
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Module No: 



Approve. Time: 
h hour* 



Module Titled 

Advelncecl Chemistry. 



Submodule Title: 
Reactions tnW^ter Solutions 



Topic: 

Solvation of ions 




Objectives: . ; . . 

Upon. completion of this iftodule-, the partic^ant should be able to: 

1. Describ,e how water molecules in terms oft.polariw, dissolve solids' into ions 
in' solution. - \ / ' • ' 

2. . Examine how ions are separated in solution by tl^ water oft hydration. 

3. Indicate that as the ion-ic content is intreased the water of hydration is 
' "spread" thinner arjd .thinner, eventual ly^yi el ding saturation resulting in 

a condition of equilibrium for- the- parti cutar ionic solid.. 



Instructionral Aids: , 

*PP. 177 - 225 Unit IJ, Ann Arbor S^'es.' 



Instructional Approach; 
Discussion 



References: 

Applied Chemistry at Wastewater Treatment, Unit II, Ann Arbor Series 
Cljemistry Made, S.imple, Fred C. Hess 



Class Assignments: <^ , ^ , - 

' . ^' - ' ^ ' J- 

RearfPP. 177 - 225 UnftI, Ann Arbor Sejr\ia5 

Answer que*stions 



Module Ho:' 
1^ ' ■ 
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"Topic: 

s 

Solvation of ions 



Instructor Notes;. 



PP. -177 - 2^5 Unit II, Water 
and It! s Impurities, Ann - 
Arbor Series - How Water ' 
Dissolve's Impurities " 

P. '78 Chemistry- Made Simple • 
Polarity of W^ter^Causing • 
^lomc Solutes to° Dissociate 



• Instructor Outline: 



and 



Objective 1 aiid 2^^ Dissolving ionic solids 
' . water of hydration- 

In consideratiDn of ionic solids or- ionic solutes. 
It IS the ^ polarity of water which causes the . 
Tonic solutfes to dissociate. The polar water 
jolecules surround an ion. and partially reduce 
the intens^^ty of the' attractive force between- 
the tons; and float the individual ions off ' 
into solution.. By using NaCl a$ an example-one 
could illustrate this showing the polar" HpO 
molecule dissolving the solid into ions i^ ' 
solution. Describe water of hydration" as wef 
^ipolecules which effectively-separate the ions 
in solution. Emphasize- that we are speaWng 
of ionic, solids and true ionic solutions. * 

0^fictive_l- Saturation, of ions 

Describe that as you increase- the ions^ dissolved 
there is less H2O molecules to separate the ioRS 
and eventually a point is reached where the ^ 
water solution is saturated and any further 
addition .of Ions will cause the ions to 
precipitate "out" of solution.- Reiterate that- 
there may be. several different types of ions- 
*in solution and some have a greater "solubility" 
than others and precipitation of solids may occur 
^Jl^varying de^grees. Refer back to solubility • 
pro uc s. ^ 



Page 



Module No.: 



Approx. Time: 
^..f^our 



of_m . 

4 



ftodule Title: 
Advanced Chemistry^ 



Submodule Title:. 
Reactions in Water Solutions 



"Topic: . * " 

Wastewater Solidjs,- Dissolving Process. 



Objectives : 



Upon completion of this-module, the participant should be able to:- • ^ 

1. Exp]^ain that water dissolves molecules oflsplids when the attraction between 
^ oppositely charge'd solute ^ricf splvent molecules 4:^ great enough to. pull the 

solid/solute molecules apart. 

2. Predict th^t a significant portion of organica in wastewater may dissolve 
to..a lesser -extent than' inorganics due to, their nonpolar nature. . - ♦ 

3. Illustrate that .CO2 is more polar than O2 and explairj^why CO2 is mote 
soluble than O2 in ^ater. ♦ ^ ' 



Instructional Aids: 
Handout No. 2 - CO2 and^ O2 Sol u|>i 1 i ti es* i n Water 



i: 



Instructional Approach: * 

DiscussT^n * \ 
Review graphically Handout No. 2 



References; 



Applied Chemistry of Wastewater Treatment, Umt*II, Ann Arbor Series 



Class Assignments: ^ 

Read Handout No. 2 * ' 

Read P. 221,' Unit 11, Ann Arbon Series 



ERIC 



• Wastewater Solids - "Dissolving -Proces 



Instructor jiotes; 



PR. 223 228 Unit li^ Water 
and' It's Impurities, Ann 
Arbor Series • 



/ 



Hitpdout No. 2 - CO2 and 0? 
relative polarities 

•P.. 221 Unit li, WateV and It^s 
'Impurities, Ann Arbor Series 
O2 -and CO2 polarities •„ 



Instructor Outline: 



Objective 1 - Water dissolv-jog UolecuTes "Of solids 

;tiph involved in 



Expldin the 3 types of -attra' 
the di'Ssolving process. ^ 

• \ 

Objective 2 -Non'polar natur^ 



osnprgaiiics 



Give examp.les'of organic ^ 

and water in general and'indi 
nonpolar nature of most of th 
nonpolar compounds will not d 
an e^Mignt in polar spl vents 0 
of wastewater are "less" diss 



cbmppund^ in wastewater 
th6 general 
iianics. Since 
ve to as great 
0 compoun<is 



Objective 3 Relative Polarjties :^f " CO2 and O2 



In oxygen gas t.hs bond connec 
alike O2. Oxygen .isr nonpolar 
bonds in CO2 gas are poljar; th 
soluble in water than O2 is. 111 
substances such as' many 6fgani( 
water to some- extent. The wat|. ..... 

a cushion between-the individusV irHle.cules 
.keeping them apart. 



itoms that are 
Ibii carbon-oxygen 
refore CO2 is more 
oti that nonpolar 

do dissolve in 
r ca,n still form 
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Module No: 



Approx. Time: 



Ih hciurs 



Module Title: 

Advanced Qhemistry 



Submodule Title: - 

Reactions in Water Sol Otidns 



Topic: ? 

Carbonate Equi^l^ibriuH) * 



Objectives: 

'Upan completion of this modu'>e., the participant should' be^able to:^ . . :^ 

1. Examine by* equation hownC02 reacts in water to form carbonic acid and show 
ionization equatiotis for carbonic acid. 

2. Define the salts calcijjm carbonate and magnesium carbonate as sources 

. * buffering capacity; describe by equation how COp is- neutralized by these 
salts. ^ ■ . , • 

3. Define b^rbonate as a main Source of alkalihity in^wastewater and indicate 
its formation by degradation of organic carbon to CO2 and' subsequent, 
conversion to bicarbonate* by ^the ionization .of ^carbonic acid.- " .^^ 

4. ^ "Explain how CO2 increases ^the dissolving power of w'ateKand how the removal 

of CO2 increases the pH during aeration and algae blooms. ♦ 



Instructional Aids: 
Handout No. 3 - PP. 10 - 

• ^ 


16 J* Unit 8,, Ann Arbor Series, 


Carbonate Equilibrium^ 


Instructional Approach: . 
Discussion 

* Review Handout No. 3 , 


f 


- ^ 

• 



References: 



Applied. Chemistry of :Wastewater Tre^ment,. Unit ^8, Ann Arbor Series 
Chemistry for Sanitary Engineers^ Sawyer and McCarty] 1967. \ 



Class*,Assignn)ents: " 

"Read Handout No. 3 
£>o Problem Set No* \ 



4 * 



•11 ■ 



Moduje Ho:_ • 



Page 



of. 



111. 



Topi^: , ^' 
Ca rbQn ate Eq ui 1 i b ri urn 



Instructor^Hotes; 



. pp. -10 . i6..Urtit 8.. Inorgarric 
Pollutants, ^nn Arb^.or' Se^i es - 

CO2 and Carbonaje Eqiji.Libri urn 

... ,1 



Handout No. 3 - Carbonate 
Equilibrium ^ 

1 ^ 



Instructor. Out Vine: <■ 



Objective j_- Fonnation of'Carboni'c Acid 

Describe sources of COg.in natur'al water sys'femj 
such-as absorption^fro^ air. microbial ' 
degradation and rScks containing CO3 ions. . 
Show by equation- how pOo reacts wi.th HpO'to • 
HT-Qnnycarbonic acnd. CO? +^ H?0 ^HoCO^ 

3 sl??^?p*^'* ^^^°3- i^elk^ldd Ld m-n , 
diss^i ate according to equations - 

H^coa ^ H+ +HCO3 ■ . ' . * 



HCO3 



CQg 



/ 



ObjfeetHe 2 - calcium' carbonated Magnesium / 

carbonate " . . * /, ^ 
' * • • •. ' ',' •/» 

nal^rJ?'i?l -^^^ and'Mg COo are common Wt^ .in 

• ^""^ w-^s^^water^s and HoCttg can 

■change the CO3 ions of Ca-C03 ahd -Mg -jcdl by 

H.cSInd^rl' ^-^T-'"^' reaATtlS^etween 

S if\''°'^'' -^^ 1-ons *ct «s a base- 
and in effect neutral i 7P!t>io ^r^A u^rn. _l m 



:a r„ r^ff^^,. I - ,7 ^\ 'as a Dase- 

'Sro «r neutj^alizerthe aci.d HpCOg + COV 

,?fe?; nl - "Itura? 



buffers neutralizing the aci.d-.H2C03. 
Pbjeaive'3 Bicarbonate as ■ Alkali nity. 



In ?-^-!?'*'* '"^°-3 ^■o""-^"^ describe it 
as an alkalinity source.* Define one method 
indirectly of bicarbonate formation in natural ' 

COo h'v-b- i^^l^^^f*],^" °f °^^'9«"^^<= carbSns to ' 
Jf^Morn °^n'^^^^^°"'P°sition and production - 

Of |c&^ 5?C .^"bsequeSt ipnizaSion ■ 

Objective 4 - COg Increases dissolving power of ' 
.water " ., • 

In water ciWaining CO/, carbonate ions are changed 

Vn-h4'^K-°"\*' h ""O^e CO3 ions are changed 

mSrf sol'iS"? 1o''?n'3^^'^r^""'^^ Effectively caus'es 
more solid Ca CO3 to, dissolve. This:usuaJly ' . 

va?J wItroJ ^ *° \& SQl.id4deposit^d wiM > ' 
vary -with pthfir solids. ' 



1 9 



p. 3^38, 339 Chemistry fof- 
.Sanitary Engineers - pH. 
changes in the- presence of 
algae' blooms 



(■ • • ' ' '— 

Note; Aiso pH^ changes iji algae bJooms are 
caused by a reduction in '"free" carbon dioxide 
concentrations below its equilibrium * ' " 
concentrfftion with air and causes an increase 
in pH Show how algae growths may extract C0§» 
rrom bi carbonates and carbonates. Use the 
I following eqmljbHum conditions: 

•2 HCO3- ^ CO3-2 + H2O + CO2 • ' ' 

CO3-2 + ^2 OH- + CO2 * 

A review of general ^equilibrium situations bnd^ 
^°lJJ^TlTt^equilibW.um m^ be necessary^ at this. 



•I 
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Module No: 



Approic. Time: 



' h hour 



ffedule Title: 

Wvaficed Chemistry 



-S^bmodule Title: ' ■ 

Reactions in Water Sjolutiohs 



Topic: 

Ionization of Water 



Objectives: . * ' , * 

Upon completion of this module, the participant shc^g^ld be able to: . ^ 

1. Define proton and describe by equaffion hov^^;tie exchange of a proton between ^ 
"bymping" water molecul^sT causes ttte productTSiwif hydronrum and hydroxide r 

.ions, r * ^ . ' y ^ J ' ^ , , ; 

2. Define the ioni^zation constant of weete^and examine^ the equilibrium 
condition between water molecules aniJ^TOTS, 

3. Describe pH as a "function*' of hydroniumxjop .concentral:|on. 



Instructional Aids; 



ln;s t ruction a 1 Approach: 



Discussion ^ 



Re/ereftces: 



Chemistry for Laboratory Technicians,* Stanley Cherim, W. B. Saunders Co,, 1971/ 
Chemistry M^ade Simple, Fred liess.. * ' 
Modem Chemical Technology, Volume 3, Cheijiical Technicpan Curriculum Project, 1971.; 



Class As.signn)ents: . 
Read P. 84 , 85 .Chemistry Made Simple 



r 

V 
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^lodule Ilo: 



Page 12 of ih 



Topic: ^ 
Ionization of Water 



Instructor Notes: 



p.. 84 , 85 Chemistry Made 
Simple - pH 



Instructor Outline: 



' ~ 

Objective 1 -.Proton'*; i, .• ' . 

■Describe protons simply as H+ and also go ' 
through the production of H+ and OH" by normal 
bumping of water .molecules .in pure water. The " 
simple- equation H2Q i?,H+'+ OH" is ihtroduced. 
Again indi-c'ate the production- of H+ and OH" ions 
as an ioni»zatior> process. ^' • 

Objective 1' - Ionization- constant • 



Define the iqnization constant of water Ku,", as a 
mathematical expression for the degree 'of the 
ionization- of water^ molecules into H+ and OH" 
ions: ^ . . , 



H2O zi^ + OH" 



Si = (H) (OH) 



= 1 X 10-14 



Object^' ve 3 -'pH 




Sho\/ the mathematical expression for pffw 
pH = - log.. {H3O ). However, do. not emphasize 
the math .treatmetrt but merely st^ate that pH is 
a function of ttTe hydrogen ion concentration. 
Also note that it is, a measuV-e of the total \^ 
ion content and not only from the ionization of 
water; may also incluxie H+ ion from 'acids which 
-. may be present. 
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ModuTe no-/ 



Objectives: ' • ' • 

Upofl completforv of this module, -th^ participant should be able to: * . • 

1. Define strong* acids and bases. ; 

2. 'Given a weak acid describe by equation^, the equilibrium conditfon resulting 

from incomplete ionization. * <^ ' ' 

3.. Indicate that addition of an acid|^in ceases the pumber of hydronium i.ons, 

^ decreases, hydroxide. ions^ andi^cai^es the pH to decrease. ^ • 

4. Explain how a concentrated"^ solut^fon of a weak acid may still have a*^H , 
near 7. . ^ / f . ^ . • , ^ ' 



Approx. Time: 
r hour 



f4o4u1p Title: ' 

Advanced Chemistry 



Submodule Title: 
Reactions in Water Sol iitions 



Topic: 

Acids - Ionization ^ 



Instructional Aids;^ 



-7 ^ 



ihsfructibna^Apprpach: 
Discussion " 



References: . ^ , ^ . 

Chemistry Made Simple, Fred C. Hess. * * / ' ^ ; 

^Manual o,f Instruction for Sewage Treatment Plant Operators, Health Education 
Service. - - - ' ' . * . . - ' • 



CI as S\ Assignments: ' ^ . , 
Read P. 78," 79 fihemistry Made^Simple ^ ' * • 
Read P. ^227 Manual -of Instruction for Sewage Treatment Plant Operators 



lAIodule Ho: 
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Topic: 



Instructor Notes; 



Acids - Ionization 



"P- 78, 79 Chemistry Made 
Simple - Strong and- weak 
electrolytes 



P. 227; Man 
for Sewage 
Operators 



ual of Instruction 
Treatment Plant- 
- Acids 



■c- ' ' \ • 

' Instriicto'irORfiine: 



Objective i; - Strong Acids arid Bases ' ' 

Redefine acids and bases and percent" ionizatioa. 

MectiveJ;.- 'Incomplete Ionization . • 

Show by .equation and word "fonii* how-a weak acid • 
such as H2CO3 and HF. -ionizes into an equilibrium 
cono i-ti On • • 



HF 



H+'+ F- 



H2CO3 HCQ3- + 
HCO37 ^ 8+ t CO3 



Obj§ctive 3 , - Addition of acid increases hydronium 

w 10ns . , ,. , ^ 

?hn"!.-H^°-jr-''"°'?' '""^ with H+. Indicate 

.nf.-n^ifS will lomze, some , greater, then others, 
and introduce additional H+ ions- upset the H?O .A 
H+ + OH- equilibrii OH"^ ions will decrease in ^ 
order to maintain the Kw equilibrium content. ° 
Thus increased ions will cause a shift and ' - 
result in a Idwering of the pH". Show, usijig the 
mathematica/expression, how this occurs. • 

Objective '4 -. ' ■ ' \ ' ^ ' ' ' 

Show that a pH near 7 may stiir occur in solution 
even though large amounts of acid- (weak) haVe 
been added. Describe this as due to the poor 
ionization of the weak add, into its component ' • 
Tons. And since pH is a measure of the H+ ion 
concentration this isUhe 'result. For example 
using the weak acid HF r-* + F" ^^^'"^'^ 



Kw = 6.76-x 10-4. 
ionized. 



Compare this with HCl i 100% 



Module No: 



Approx. Time: 



3/4 hour 



.1- • ■ 

ftodule Tttle: ■ 

Advanced Ghemistry 



' P«9e 1& of Ml 



Submodule Title: 

Reactions in. Water Solutions 



Topic: 

Bases • Ionization 



Objectives: ^ ' , * • ; 

Upon completion of this module, the participant should be able to: 

« 

1. , Define bases. , " . 

2. Given a base aes'cribe how it produces hydroxide ions in. water through 
ionization. ^ ^ ' ^ 

3. Explaih. that adding'a base to water incre^ises OH ion concentratiori, 
decreases h'ydronium ion concentration/' and increases the pH. 

^4. '^'^cDiagram the pH scale,. list basic and acidic areas. , 



Instructional Aids^; 



Handout No-. 4 - pH scale 

) 



4' • 



Instruct^OQal Approach: 

Discussio^ ' , ^ 

Review Handout No. 4 



References: * ' ' ^ ' • \ ^ , 

Modem Chemical Technology, Volume 3, Chemical Technician Curriculam Project, 1971. 



Class Assignrnervts: 
Stiidy pH scale 



J a 



9 



Module Ho: 
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Topic: » 

Bases - Ionization 



Instructor Notes-v 



PP. 437 - 441 - Modern. ^ 
Chemical Technology - ' ttie 
measilYeiiEi^t of pH * 



Hahdout No. 4 - pH -Scale ■ x 



V) - 



i 



Instructor Outline: 



Objective 1 and 2 -. Bases and Ionization 

Redefine bases as proton acceptors and, show • 
•how bases ionize by ionization equation. Strong 
base Na OH, 100^ ionized ' • ' • . 

Na OH-^ Na**" + OH" .ions \ * 

Weak base, K^, NH3+ + OH" 

Oh" ions are thus introduced. 

Objective ,3 -- Increasing-OH" Concentra 




Show how addition of a base such as Na OH, 
introduces additional OH" ions in water solutions ~ 
and causes a shift in the equilibri um situation. ' 
H ions decrease and OH" increase causing the 
pH to increase sjnce pH is a negative log function 
ot the hydrogen ion concentration. pH^= -Jog (H), 

Objective 4 - pH Scale - ^ 

pH scaleidiagram. • -i 



ERIC 
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Module; No: C^: 



Approx.cjire: 



3/4 hour 



•ftodule Title: 

Advanced Chemistry 



:Submodule51tle: . 

actions in Water Solutions 



Topic: — ^ 
Acid Ba^e t- Reaction 



Objectives: * - »^ • • ' 

Upon completions of- ,this' module, the participant 'should be able to: 

r ' * . ^ • 

' 1. Given an acid and base describe the neutralization reaction by equation, 

indicate proton transfer* ' . * -V ^ % , 

2. Define titration and explain,, using the equation Nj^x Vj = N2 x 

acidity; can be determined by titration, ^ * 
3* , Explain why actdity or allcalinity is expressed in terms of calcium 
t*. carbonate in wastewater analysis* , ' , - 



Instructional Ai^s: 
Handouf:;No'* 5 - Titration' example 



Instructiona*! Approach: >^ 
Discussion 

Rev,iew Hapdoyt No. 5 ^ 



References: 



Chemistry for Sanitary Engineers, Sawyer and McGarty ' ^ . . 

Maniial of Instruction for Sewage Treatment Plant Operators, Health Education' 
, , Service. c v ' ; 



Class AssignnKjnts:^ 

Review Handout No. 5 
Work 2 problems in handout 



\ 



[Module Ho: 



Topic: 
Acid : 



Instructor Notes: 



pp. 323 325 ,Chemistr7 for 
Sanitary Engineers' - Method 
of Measurement 



p. 226 Manual for Sewage- 
Treatment Plant Operators - 
Detemif nation of Alkalinity 

P. 69^ 70 Chemistry for 
Sanitary Engineers - • 
Calculations, . - 



Handout No. '5 -. Ti.tration /' 
Example \ . 



/ ■ 



Base Reaction 



1: 



Instructor Outline: 



33. 



Objective 1 Acid Base Reaction 



•< < 
» ■ 



'Show a typical acid base ^reaction anTindic'ate 
the transfer of protons. , - 

1 ' ^. , • •• . 
HOW Na OH i± NaCl + HoO 

- Objective 2 - Titrations 

- , > 

Describe simple titrations, such 'as' titration' ■ 
Ifer alkalinity using a specified nofmality of . 
of acid. Use the equation Ni x Vi = N? x Vo 
to des-^ribe the mathematical treatment: .. 

Objective 3 -^ypressing in terms of Calcium 
. . Carbonate 

' — • "■ , * 

Indfcate^why alkalinity or acidity is expressed 
as mg/1 CaCOa thus calling lilka^ity, for . 
alkalinity determinations^ CaC03 the equation 
could be HjSOd + C/CO3 --^.CaS04 + HdCOg. • ' 
Review equivalents and equivajent weights 
now. the folldwing equation 1^ arrived at: 



Show 



•mg/1 "active mater^l in sample = ^ 
ml titrant x-N x EW x-lQOn 



sample vol time, in jnl ; 

\ . • . 

Results of alkali n.Hy or acidity are-exnressed 
as CaCOa so they can be easily compared to each 
other and to other measuremer^t^ which may be a 
resuTt of other types of acids' ttr bases. 



>age^9; of IH 



Modulir'No: . ' . 

■ • 

T' 


^Modu^e Title: . . . . ^ • 

Advanc6d'1;hemistry " - ^ " ^ , • * 


f-^-^ ' r ' ^ " . ^'^ 

Submodule Title: 

|eactionS in Water Sitlutions / ' /. ' * ' 


Approx/ TjiteA 
3/4 hour 


Oxfdation - Reduction " * a * . 



Objectives: - ^ 1 ^ ^ - . ^ \^ 

Upon completion of this module^he' participant shoQld be able %o: 

1. Define oxidation state^. valence, oxidation ,"• reductton. » 

2. Given' a reaction describe the oxidation- reduction ph)cess, "show half 
reactions and elex:trons transferred, define oxrdfzlng and reducing agents. 

,3. State that o)vgen 'is the oxidizing agent used 'jn aerobic degradation of 
' organic matter, a complicated proces? 'involvi;lg #n3termediate'gompounds 



ultimately ^producing , carbon <iioxide anci water. 



InSjtructional Aids:- , 



J- 



Instructional Approacf|: 
Discussion 



References: • , ' 

^Chemistry Made "Simple, Fred C. Hess 
Chemistry for Sari ftany 'Engineers, Sawyer* pnd McGarty. - . 




Cla^^s Assignnttnts:" - - 
Read Chapter 10^ Chemistry Made Simple 



J 



ERLC 



Module Ho: 



V 



fof>ic: _ ' ' 

(^idafion -'Reduction 
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Instructor Notes: 



Chapter 10 Chemistry Made 
Sin^)le - Oxidation - reduction 



pp. 15 -48 Chemistry for 
Sanitary Engineers - Oxidation 
Reduction Equations 

PP. 156 -■ 215, Unit 3, Ann 
Arbor Series - Electron ' 
Transfer, Oxidation and 
Reduction - 



Instructor Outline: 



Objective 1 - .Oxidation - reduction ' 

Define oxidation and reduction and review^ } 
valences and valence No. Oxidation - reduction 
should be, in my ppinion, a brief section. 

Objective 2 t Oxidation - Reduction Reactions 

Using an example,, show how^ electrons are 
trans.ferred according, to each half reaction. 
EmjJhasize that not all reactions are oxidation ■ 
reduction Bui that they represent only, one type 
of general. reactions. Show how reactions are 
balanced stoichiometrically in respect to 
electron transfer. ^' " - ' 

4,FeO +»3go .,_> 2 F^2'^3 03 "2 • . ' - 
2 Fe+^^ + CI20 2 Fe+3 + 2 "Cl"' * * - 

2 I- + CI20**— >42°> 2 er " 



Objective 3 - Qxygeh in' Aerobic Oxidation 



Briefly descfribe aeVobic biological •^eppjnpositton 
in which bacteria and other' mi crobe$ utfHzes, 
oxygen to decompose or-ganic matte> a's food'Sfi'd 
ultimately pi«^uce CO2 and H2O. Organics + 
oj^gen •'aerobic: - GO2 and H2O eventually.' ' 

*mic robes' ■'j. ■ . * • , 

i 

*N(xte that there are^many intermediate- conffiiounds 
involved. • ' „ ' ~. 



'A 
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Module Uo: 



Module Title: 

Advanced Chemistry 



Submodule Title: 
Organics - Inorganics ; 




Approx. Time: 

- IH houfs 
Objectives: 

Upon compiletion of this module, the participant should be able to: 

fc • - ' " 

1. Define organic compounds and identjVy the majoV anjJ' minor elements >n - 
organic compounds. ^' ^ 

2. ^Differentiate bej^ween general features of organics and inorganics: • 

Combustibili-ty^ solubility in water, molecular or ionic reactions, molecular 
'/ weight, bacterial ^food sources. ' • * 

.3y, txplaih the aerobic biological degradation prpcess. whereby aerobic bacteria . 
use organlics as a food source and oxidize organics into inorganic:s, ultimately 
forming 'COo and H20. ^ . ^ 

Indicate that under anaerobic conditions* anaerobic, bacteria may, use 
oxidants other than oxygen to degrade organic compounds into C02» H20f CH^, 

H2S, NH3, etc/ , ^- - 



Instructiojial Aids: 



Instructional' Approach: 



Discussion : 



References* 

Chemistry for Saniteiry Engineers, SaWyen,and McCarty.' 



Class Assignnients: ' 



2i 



Module HO: 



[instrudtor Notes: 



Topic: ! * ^ 

Intrpductfdn to O^^ganics 



P* ^865 87 Chemistry 
Sannary Engineers - 
Introduction 



for 



88 Chemistry for 
Sanitary Engineers - 
Properties 



Instructor Out i ine: v V 



iQbjectv^J^ - Organic Compounds ' .ia 

Def i ne of gani c compounds , i ndi cate' the \aior 
elements usually present, such as ' carbon, fiydrogenl 
oxygen and the mi ndr .elements such as nHrogen,- - 
phosphorus,- .and sulfur. Organics may contain 
a va.riety of other elements. ^ * 

Obj ecti ve^2 -L pj f f erenti ati on between organic' 
• , • and inorganic 

Differentiate between organic and inorganic in 
terms of combustibility ...solubility in water, 
molecular or ionic reactions , molecular weights-, 
and as bacterial food sources. . 

Objective 3 and 4 - Aerobir and An;^py.p|^tJ^ 
. • ■ Decomposition^ ^' 

Describe aerobic decomposition an dedifferentiate 
between anaerobic decomposition. Show the 
various- products which may result from" each type. 
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Approx. Time; 

V..- -'C' -> ■ ■' , , 



lObfectives: A 



Modulje Xitle; - 

Advanced Chenfistry 



SuljnxnJuleTit^e: ^ 
' ) Orgasm' cs - /norga^^i qs 

^ — .^^^'^Z — 

Topic: 

Compourids Al i phati c 



Upon compVetion of this "module, the partjqipant shoulfl be able^tp: 

* ' / - * , 

1/ Indicate -that carbon will generally have 4 bonds attached^to it « valence 
" of- 4. . c *^ . ^ 

2. Define hydrocarbons and identify metliane as the simplest hydrocarbon. 

3. Illustrate how methane and otber hydrocarbons, can 'be shown by graphic 
formula and condensed to one line, ^ . • 

4. Define alfcohols and identify* . . ^ ' ^ - 
-S. ^ Define organic acids -and indicate that organic acids are the last st^ 

>efore 3:onversion tp carbon dioxide gflid water in biological f^^jfja^rf^n. 



rristructibnal Aids: 



Instructional Approach: • ' 

Discussion . 
J, Practice mciking gre^phic formulas 



A*. 



Refererfcess * t ^ * \ : - ^ ^ 

Chemjstry Made Simple, FVed C. Hess ^ 
^Chemistry for Sanitary Engineers, lawyer and McCarty. 



ERIC 



Class As'signnients: * 
Read Chapter 22, Chemistry Ma(|§\ Simple 



fitodule Uoi' 



Topic: 

Compounds - Aliphatic 



4 



Instructor Notes: 



tfiapter ?2, Chemistry Made 
Simple - Organic chemistry 



p. 90 - 98-- Chemistry for- 
Sanitary Engineers - Aliphatic 
Compounds - Hydrocarbons 



PP. 98 - 104 Chemistry for • 
Sanitary Engineers -^Alcohols 



PP. 108 - 112 Chemistry for, 
Sanitary Enciineers '-'Acids 



Instructor Outftner? 



Objective 1 and 2 W Carbon valpnro-^n^ 

• Hydrocarbons ' 

Describe .the valence of car-bon and indicate 
th?t it generally^will hav^ 4 bonds attaofied 
to n 7D. a complete molecule. Oeflne'aliphatic 
hydrocarbons and graphically describe methane 
_ an d others . ■ • " 



- Objective 3 - ' Gr^hi c Des cri ptions ' / 

Illustrate aliphatic hydrocarbons by graphic 
representations. Depiqt CH4, CH3CH3, CH3CH2CH3, 
C4H1O graphically. as examples. ^ 



Objective 4 - Alcohols 

Define organic alcohols ahd identify several 
common ones, show graphically. 

Objective 5 - Acids. 



Define organic acids and identify the cormion ones 
show graphieially formic, acetic, propionic aci4s_, 




\ 
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Module JWo: * ' 


ftodule Title: . 






Advanced Chemistry 






Submodule Title: 


A 


Approx. Time: 


Orgatiics - Incfrgan^jCS 


4 

• • 


3/4 hour ^ 


Topic: 


• 


Compounds - Aromatic 
• » 


• 



Objectives: * ^ 
Upon completion of this modulec,*the participant sfioiild be able to:' 

1. piffereiitiate between aliphatic and aromatic compounds, illustrate the ' 
benzene ring. ^ * ^ 

2. 'Ulustrate how groups may be attached to the benzene ring to form various 
aromatic compounds. 

3. Illustrate phenol (carbolic acid) by graphic formula.* 



Instructional Aids:^ ^ 
. Handout -No. 6 - Aromatic hydrocarbons 



Instructional Approach': 

Discussion 
. Review handout No. 6 



4' 



\ 



References: 

^chemistry for. Sanitary Engineers, Sawyer and McCarty 
chemistry Made Simple, Fred C. Hess 



Class Assignfrtents: 
Review Handout No* 6 



28- ' 



S' 



Module Ho: 
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Topic;? - 
■ Compounds - Aromatic 



Instructor Notes: 



PP.* H8 - 122 - Chemistry for 
Sanitary Engineers r Aromatic 
Hydrocarbons . ^ 



■Handout No. 6 - Aromatic-. 
Hydrocarbons ' ' a. 



H^dout No. 6 - Aromatic 
Hydrocarbons 



X 



r 



Instructor Outline: 



ObjettiveJ^ - Aromatic corrp&urids ' . 

Illustrate ihe benzene"nng and differentiate 
between aliphatid and aromatic organic compounds. 

Objective" 2 - .Groups , attached 

Illustrate hew groups are attached to the 
benzene ring. Show several types of functional ' 
groups.' 

Objective 3 - Phenol <; . ' ■* 



IHustrate phenols and describe why they are 
aftiong the most important aromatic compounds. 

f . ' ■ 



si ' 



-1 29, 



Page 27 of _ ni_ 





/todule Title:. . • 






. Advanced Chemistry " 






Subfpodule Title: > - 




Approx. Time: 


Qrganics - Inorganics 


« 


1 tjour 


Topic: 

Effects on Treatment Process.' ' ^ 



Objectives: . * . ' 

Upon completion of this njodule, the participant should be able to: 

1. Explain" that increased loads of org^nics require increased dissolved oxygen 
demands. * ^ ' - 

2. Ind,icatfe that, organic acids may cause metal pipes .and other structures to 
corrode. ■ • ^ 

3. Explain that increased organic loads make^ chlorination less effective, more 
chlorine is required to kill off microbiaToorganisms'. 

" 4. .Explain that certain organics may be toxic and kill off, or -inhibit the 
reproduction of, treatment - microorganisms. • c 

s5. Explain that many organics, notably plastics, do not dissolve at all in 
^ water and are difficult to biodegra^e^^ • • • , ' ^ 



Instructional Ai^ds: 



Instructional Approach: 
Discus so on 



References: , ' ' . ; 

I Apnlied Chemi^stry of Wastewater TreatiDent, Unit '6.» Ann Arbor SeHes^' 



Class /tesignrnents: 



Module Ho: 
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-j Topic: 

Effects in Treatment Processes 



Instructor Notes: 



PP. 7.- 10 - Unit 6, Organic 
Pollutants, Ann Arbor Series ■ 
Effects of "Organic Pollutants 




m 



Instructor Outline: 



Objective 1 - Organic and O)0'g#i Demands - 

Point out that organics cause -increased usag'e 
of oxygen by microorganism. Organics act as ■ 
reducing agents. 

Objective 2 - Organic Ac'id Effects 

Note that organic acids may cause pipes and 
other metals to corrode.. For example acetic . 
acid, formic. acid. Note that these organic 
acids are the resiHt of anaerobic (Jecompositipn. 

Objective 3 - Chlorination - Organics. 



Explain the relationship between chlorination 
and organic quantities and that Increased 
Organic loads will make chlorination less 
effective and will increase the chlorine demand. 

Objective 4 - Toxic Organics , * / 



Explain that certain organics may be toxic to 
treatment microorganisms. An example may be 
phenols. Note that other organics are toxic 
to other typer of aquatic life, various pesticides 
RGB's etcr , ' .• 

!r' , - ' * * ' 

Objective 5 - Plastic*;' 

IntrodD.ce plastics as organic compounds and riote 
that they are very poorly biodegradable and will 
accumulate in fiatural systems. ' Also otfjer 
orgamcs,- such as chlorinated hyWarbon - ^ 
pesticides and PCB's are also pooirly Wodegradable 

arid will accumulate in nature if .ihtrodiiced.' • \ 



Page .P'Q of 4:11_ 



Module No: 

*• 

i 


» ' ~ ' ■ 

Module Title: 

• > 

Advanced Chemistry ^ ^ 


1 ■ . 


Subnx)du1e Title:n . ' 




Ap'prox. Tiuie: . 
. 3/4 hour 

1-^ 


Organics - Inorganics 




Topic: 

Greases, 'Oils, surfactants 





Objectives: 

Upon completion of thi^s module, .the participant should be able to: 

1. Explain that greases and oils, though usually non-toxio, are slowly 
biodegradable, poorly settleable, cause foaming and may decrease the 
efficiency of the treatment of other' organics by inhfbiting dispersion 
dissolved o)(ygen to mi*croorganisms, ^ / 

2. Define, surfactants and inidicate thei.r sources. ' ' 

3. Describe the problens surfactants may cause in wastewater treatment. 



of 



Instructionaf Aids: 

N 



ft 



NT 



instructional Approach: 
Discussion 



References: 



Applied Chemistry of Wastewater Treatment, Unit 6, Ann Arbor'Ser'ies 
Chemistry for Sanitary Engineers, Sawyer and McCarty 



Class As.signn^ents: \^ , 

Read Ch. 32 Chemistry for Sanitary Engineers 



3^ 
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IMfidule Ho: 
J ^ 


Topic;- 






Greases, 


Oils, Surfactants • . */ *' 


1 Iijstructor Wotes: 
- - • ^ • 


Instructor' Outline: 






Objective 1 - (?rea«;p<; anH n^i^ 


. Ch. 32 Chemistry for Sanitary 
Engineers - Grease P. 10, 
Unit 6, Ann Arbor Series - 
Grease and Oils. 

P. 230 - 264, Unit 6, Ann 
Arbor Series - Grease and Oils 


Defin^greases and oils and examine the problems 
inuniupfi with ^■^lQc^.^» »..u»4. • . . " u^n-nu 
irivuivea witn these substances in wastewater 
treatment; Point out that they also decrease 
the efficiency of treatment of organics bv 
microorganisms by inhibiting the dispersion of 
dissolved oxygen •..'-Grease jnay coat the 
microorganisms. 






Objective 2 and 3 - ^nyf^rf^nfc, ' 


P. 11, Unit 6, Ann Arbor 
Series - Detergents 

PP. 147 - 150 Chemistry for • 
Sanitarj;^. Engineers - Detergents 

PP. 264' - '280. Unit 6, Ann 
Arbor Series. - Surfectahts 


Define surfactants and detergents as organic " ' 
compounds and descHbe the problems associated • 
wth detergents in treatment. Define ABS, 
a^kyl benzene sulfonate. .And emphasize the 
Slow biodegradation*of these compounds. 

\ ' ' 



Module No: 



Approxrtime: 
h hour 



.4 



fiodule Title: 



Advanced Chemistry 



- Page 

\ ' 



4» 
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Submodule Title: 
Organics - Inorganics 



VlfierTols 



7 



Objectives;- - . v / 

Upon completion of this module, the partici'pant should be able to: 

L Define phenol and indicate that phenols cause taste and odor problems and 
may be toxic to trecTEment microorganisms^ at high goncentrations, 

2. Describe extraction of organic comfjounds in terms of pofarity, "like 
dissolves like". , . 

3. Indicate that phenol may slightiyj'ionize^ jn basic solutions, into an. 
ionized polar form more soluble in water than the unionized molecular nonpoTar 
form, ' ' ' , * ' 

4. Explain that complete ext potion of phenol by amnpolar solvent will occur 
only in ^dic solutions. 



Instructional l^f d§^^^^^^^^^^ 




< 

• * ■ * » 




Instructional Approach: 




Discussion 


• 



References: ^ ^ . 

^ Applied-^emistry of Wastewater Treatment, Unit 6, Ann Arbor Serrfe 



Class Assignn)cnts: 



Nodule Ho: 



Topic: 
Phenols 



P^ge 32 ' of 111 

~~"^5 * 



Instructor Notes: 



PP. 28a- 302i Unite, Ann 
»Arbor.|eries - Phenols 



PP. 232 - 238, Ann Arbor 
Series, Unit 6 - Grease. and 
Jils 



Instructor OutHne: 
f 



Objecti\fe 1 



Redefine phjfifijs. graphically, and indicate that 
h^^;^*!li"?Si^^f^ problems and' may 

Snff JJ\ ^^^^^^ *° niicroorganisms. • 

wh.Vh ^ ^'^"P °^ waste products 

which contain the polar OH group attracted to 
nonpolar 'Organic groups. The OH group of a 
phenol acts as -a very weak acid, biit is not " - 
polar enough to keep the un-ionized phenol^rt 
trom dissolving iruionpolar solvents^ 

Objective 2 Extractions • ij 



P. 279 - 282, Unit 6, Ann 
Arbof Series - Phenols 



Define extractions^and i^J^tCatB^at organic 
compounds, mostly nonpolar, will ^ extracted 
by nonpolar solvents. Thus in_jDrderSo''fextract 
an organic compoynd_such as DDT, an o/ganic 
solvent such as benzene, hexane,or others »nil - 

mLo^!^i Si^''*''^^* ^^'"^e f^^T will be much 

more soluble in organic nonpolar solvents it is ' 

^ P°1^P solvent. , ' 
L ke diss-olves like". Likewise, ionf^c sblids, - 
polar compounds will be only very slfghtlv . 
soluble in organic solvents.. Greases and oils ' . 
are nonpolar compounds and are extracted from ' ' 
water solutions by nonpolar solvent such as hexaj 

Objective 3 - Phenols 



Since tfxe OH gro.up of phenols is ionizabTe, 
fn oSj' dissolve most readily in basijc waters. 
In order tq remove phenols from water an initial 
•{r°"dure would be to make ^e water acid ^ 
fo^J^'ji^ "«lecule (OH) wifl be J,, the u -ionized 

^"tt the "n-ionized form is Tess soluble 
in water than the ionized (polar) fom. A 

trom water only if the water ,is aci'dic. • . 



Module No; 
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Topi'c: - 
Phenols 



y 



/ 



Instructor Notes: 



ERIC 



InstructCr Outline: 



Objective 4 Phenols* " ' . " ' •> ' ^ 

Phenols .are therefore only completely .extractable 
by a nonpolar solvent if i t is . aci di f1«d previaus. 



to extraction. 



7 



T 
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Module No^ « 



Approx. Tifl[et 
1 hour 



/ 



Module TitH: • 

Advanced Chemistry 



Submodule Title: 
Organics - Inorganics 



topic: - 

Testing for Organics 



Objectives: . ^ ^ ' , 

Upon completion of this module,, the'^articipant should be able to: . * ' 

!• Describe biochemical oxygen demand as a method for determining relativfe 
V organi c quantities in wastewater • ^ ^ ' ' 

' 2. .Define volatile solids testing and state fiow the los$ of weighf^in the test 
givesxan indication of the organic ^content of the'saipple^ 
3. Explain how total organic carbon is admeasure of the 'degree of organic 
quantity by measuring tTie amount of CO2 or CO forffl^ when the organic 
/ material is.:oxidized. . . I . 



Instructional Aids: 



/ 



Handout No. 7 - BOD overview 



i 



I 11 I ~ -l — • 

IristToptional Approach: - 1 - 

Discussioii J ' ^ . / ■ 

Read Handout No. 7. . / ^ ' • 

Set up BOD's, run^other tests if possible-,- volatile solids, TOC 



■ .1 " 



References; 



c 



\ ■ 



Applied Chemistry" to WastewaJ:er Treatment, Unit 6, Ann Arbor^Series 



Cla^s Assi^gnnients: 
Read Handout No. 7 



37 - 



Module Ho: 

r 



Instructor Notes: 



Topic:' 

Testing for Orgaiiics ' 

rr 



Page 
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V 



.'"l^ 



PP.' lp\) - l89, Unit 6, Ann 
Arbor Series --Measurement by 
Oxygen Consumption 



^Handout No'. 7 -'BOD 
Overview 



an 



P. 33 •- 66, Unit 6, Ann 
Arbor Series - Volatile Solids 
Test. , 



PP. 66-92, Unit 6, Ann 
Arbor Series, Total Organic 
Carbon- ; ' 



Instructor Outline: 



Objective 1 - Biochemical Oxygen otmand 

Revi'ew BOD a method for the detLrmi nation jof 
relative organic quantities and dikcuss why 
BOD is an accurate measure of oxyden demandr 
under actual conditions. Review the methodology 
of the test. 

Objectiive 2 - Volatile Solids 

Review volatile solids as a method of measuring- 
organic content. Review methodolbqy of the- 
tQst. - 

Objective' 3 - Tdtal .Organic CarUon 

Review tptal organi Is carbon as a method of 
measuring organic content. Describe the " 
methodology of. the test. J 

* \ > ' ^ . ^ '■' 
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Module Title: 

Advanced" Chemistry 




Submodule' Title:- 


Apprqx. Time: 


Organics - Inorganics . \ ... 

* * 


^ h hour 


Topic: 

Inorganics T,n- Wastewater ' ^ ' > ' 


Objectives: 




Upon completion of this modulet the participant shouTd* be .abid to:^ ^ 


1. Define salinity as the presence of dissolved inorganic material in water. 

2. indicate that practical ]j all' inorganics which dissolve are present in 

the form of i ons • - - ' " 

3. List 6 cations and 6 anix)ns which.'may be preseat in water ,to cause salinity. 


Instructional Aids: 






- ■ ■ ) ■ ■■ ■ " - 


Instructional Approach r^J ^ \ , ^ . ' . 


- Discussion 


*. . - < ■ . ; ■ " 


References: ' 




Applied Chemistry to Wastejvater Treatment, Unit >, Ann Artor Series - 


Class Assignbients: ^ 




ft 


.39 r . 



3 



Mo^lfe Ho.-, 



Topic:" ^ 

» 

Inorganics' in Wastewater 



Instructor Not«»: 



PP. i^' -25. Unit 7, Ann 
Arbor Sgries - Salinity 



~1{ 



Instructor Out/ine: 



Objective 1 Sal i ni ty 

Define salinity as the presence aissol>fed 
inorganics in water. 

9fajective,2 - Ions ^ | 

Explain that' almost all inorganics thaf dissolve 
do so as ions in' solution • . . . 

0Wective_2 - Cations- and anions- ^" 



List several types of cations-^and anions which 
may be -in solution.- Practi.cally -all ionic 
solids. Indit:ate ,sourx:es of -inorganic wastes, 
domestic, industrial , 'and rtHtural . 
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Module 'Ho: 



Approx, Time: 
1 hour 



(todule Title: 

Advanced Chemistry 



Submodule Title: 

- t — 

Organics - Inorganics 



Topic: 

Inorganic Problems 



Objectives*: 

Upon completion of thds" module, the participant should be alDle to: 

• . ^ ) 

1. Exp1a>a that dissolved ions decrease the solubility of gases in water and 

high salinity may decrease the concentration of di s sol \^d ^oxygen needed- 
forl)iodegradation reactions ill wastewater. ^ ' 

2. /Indicate thatXhigh salinity may inhibit or kill the microorganisms'* in 

wastewater treatment. ^ ' - ' 

3. Explain that high salinity may injure or kill fresh water -fish. 

4** Identify, ammonia, ammonium*ioni5T nitrates, and phos^ihates and explain how 
/th ey may act as fertilizers and promote the undesirable growth of algae/in 

streams-. . , , * . * ' - 

5. ; Indicate^ that cations produced from- metals such as mercury and lead, and 

* anions!^ sucljuas cyanide. Can be toxic to animals and people. ' ' 
6; Identify hardness causing cations and cations of metals such as iron and 
manganese and the problems they cause. » * \ 



Instructional Aids:(' , *; ^ 
Handout No. 8 - Salinity 



Instructional Approach: 

D iscussion — ' — ' ; 
Review Handout .'No. 8 



References:. * * ^ . ^ * ' 

Applied, Chemistry of Wastewater^ Treatment,, .Unit 7, Ann Arbor Series, 
Chemistry for Sanitary Engineers, Sawyer and^McCarty. 



Class Assignments: 
Re&d ^Handout No, 8, do' self- test I 
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Module Ho: 
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Topic: . 

Inorganic Problems 



Instructor Notes: 



PP. 17 - 25, Unit 7, Ann 
Arbor Series - Salinity 



Handout Ito. 8 - Salinity 



V 



PP-.347.- .355, Chemistry for 
Sahitary Engineers - Hardness 



Instructor Outline: 



-X. 



Objective 1 - SoTubi.lity .of Gases vs. Dissolved 
. Ions 

• * 

Exp Tain 'the, relationship between solubility of 
gases inwater and dissolved ionic .content. 
High salinity may cause a reduction in dissolved 
oxygen levels, for example, in a lagoon. During 
dry seasons this- may become mojje of a probleiii. 

Objective 2 aad 3 - High Salinity 

Note that high salinity m^ also inhibit . 
microbial action or kill the micrt)organisms. 
Also highly saline waters will kill or injure 
fresTi water fish. Note the intrusion- of .salt 
water of estuaries into' fresh waier aquatic 
systems. i . . 

Objective 4 - Nutrients 



Define NH3, NH4 , NO3, P04.as nutnents for alga.l 
growth which may, at times, promote undesirable . 
growth of algal blooms, eventually resulting 
^.in an increased organic load on the system 
involved. 

> ■ ■ . 

Objective 5 - Toxic Tons 

Identify metallic cations such as Hg, Pb, As, 
Cd-etc, as ipotential, toxic substances (ions). 
Also note that-some, anions.; such; as CNr are also 
toxic to microorganisms.' 

Objective 6 - Hardness Cations ^ ' 

Identify hardness. causing cations and other ions 
OT metals like iron and. manganese and discuss ■ 
the problems these ions cause. 
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Module No: 


Jtodule Title: 

% 






Advanced CheiTristry> 


< 


Submodule Tljtle;^ , ^ 




Approx. Time: 


' Coagulation 




Topic: 


*• 


2 hours 


Colloids - Definftions 





Objectives: : \ ' ' 

Upon completion x)f' this module, the participant should 'be able to: ' 

1. Define colloidal dispersions and the normal range of size- for colloidal""- 
particles. ' ' . ' 

2. Indicate that much of wastewater suspended matter is colloidal,, especially 
coTor and turbidity- causing substances. 

Distinguish between true solutions >and colloidal dispersions and indicate 
that both inorganic and ofganic matefials ms^y.form colloidal suspenslbns. 
Explain that surface area in relation to mass in collaids'*1s great and that 
all colloids are electrically charged, the majority negatively.^ .. .. 
5. Indicate that like charges repel, unlike -charges attract: ' ' • 



3. 

*> 

4. 



-> 



Instructional Aids: 



c 



Instructiooal Approach: 
Discussion 



References: 
diemi 



stry.for^Sanitary Ertgineers, Sawyer and McCarty. 



Class Assignments: 



Read vChapter^ 7^ Chemistry for Sanitary Engineers - Colloid Chemistry . 



Module Ho: 
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Topic: 

■Colloids - Defintt-yans 



•Instructor Notes: 



P. 214, 215 ChemistVy for 
Sanitary Engineers - Classes 
and graph for sizes ' 



P. 290, 291 Chemistry for * 
Sanitary Engineers Turbidity 



P. 216, 217, Chemstryfor 
Sanitary. Engineers - Genefcil 
Properties ' . • ' ■ 



Irtstructor Outline: 



Objective 1 - Gofloidal Particles . " 

Define colloidal dispersions and' relate their 
size to particles. Colloids are. considered 
larger than individual atoms or molecules 
but small enough to possess -properties- very 
different from coarse dispersions. Colloids 
range from 1 to 100 .millimi crons in size. Note 
that colloids aJre insoluble. 

Objective 2 - Color^and Taste and Odor 



Emphasize that much of the color and taste and ' 
odor causing substances are fidlloidal. The 
water systems wil-l vary accofding, to conditions' 
and thus according to degree of colloidal 
dispersions. 

Objective 3 - True. and Colloidal Dispersions 



Note that colloids^ .althoVgh almost molecular in 
size, are not true solutions. Also certain 
organic substances, such as soaps, that are 
usually considei«ed soluble. in water are not and 
actually form colloidal dispersions. Also ' 
inorganics such -as 'Jaentoriite clay, will not form 
a true solution.^ . " 

Objective 4 and 5 - General Properties of Colloids 

Discuss, the general prop6rti:fes o^ colloids* 
especially the hjgh surface are/tb mass ratio, ^ 
Colloids thus have great adsorptive powers.. 
Note that like charges repel, unlike attract. 



r 


■ " -X. ■ ' ■ ' 

' *H- * 


>• 

■ 'it, 


• 
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Nodule No: 


Module Title: . « . . x * 

Advanced Chemistry . ' '. 


s 


Submodule Title-: * ^ 


Approx. Time: 


♦ 

.Coagulation , , " • . ' 

Topic: • 


23$ hours' 


Nature, of Colloids' ' ' - • . ' 


Objectives; 


• " ■ " r ■ . • ■ -x/ • " 


' Upon completion of this module, the ^participant should able to: 


1. Explain thfe fundamental basis for the stability of colloids as the 

, repulsion of similarly charged colloidal particles with abnormally long 
settling times. 

2. Define hydrophobic colloids, and zeta potjential.^ 

3. Define Vander Waals force and indicate that as "long^as the zeta potential 

is great enough to produce repulsive forces in excess of Vander Waals force, 
the particles carthot coalesce'. . ' . ^ ' 

4. Explain that the destabilizati.on of colloids is brought about t>y counter-ioh 
abgorption hy addition of ions of opposite charge until the Vander Waals 

• f attraction forces are stronger than the repulsive forces of the zeta 
potential and coagulation occurs. . 

5. / Define the Schulze-Hardy rule. ' ^ - 

* * 


Instruttfonal Aids 




Instructional Approach: ■ . ^ ^ 


Discussion 


4 


References: 




Chemistry for Sanitary Engineers, Sawyer and McCarty. ' ^ * 
Water, Supply and PollOtion Controls Clark arid Viessman, 1965.* ' 


Class Assignn)c/)ts: 




Ch^ 7,: Chemistry for Sanitary Engineers, do problems 7-1, 7-2 ' " - 







Module Ho: 
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Nature of Colloids 



Instructor Notes; 



P. -218, 219. Chemistry for - 
Sanitary Engineers - 
Hydrophobic Colloids 

PP. 341-343. Water Supply and' 
Pollution Control - Zeta 
Potential 



P. 220. Chemistry for . 
sanitary Engineers - ." 
Destruction of Colloids 



Instructor Outline: 



Objective K - Stability of Colloids 

f^Exarawie^the/^tability of colloids as a result 
of their inability to coagulate due to charge 
repulsion and therefore, their long settling 
times in sedimentation basins. 



Objectives 2 -& 3 - Hydrophobic Colloids 

•^^li'^f.^^'^ophobic colloids and examine zeta - 
potential. Limit mathematical treatment. 
Pescribe Vander Waal 's force and discuss " 
these op^Josing forces. Vander Waal's and 
zeta petential. * • . ' 

Objective 4 - Des tabi 1 i z ati on ,o f 'col 1 o i ds 

i*Discu|s the theory of destabilization and the • 
objectives- of chemical coagulatio/i. Briefly 
djscuss the common four methods of destruction 
of hydrophobic colloids: (a) boiling, (b)' 
freezing, (c) addition of electrolyles, and 
(d) mutual precipitation by addition of a 
collQid of opposite charge. Nptethat zeta ■ 
potential may be reduced by adju^men^of ^t^^^^ 

Objecti ve - Sehulze -Hardy RuT^- — ' 

Define the. Schulze-Hardy .rule with' respect to 
addition of electrolytes as a method for 
stabilization of colloids. 
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Module No: 




floduje Title: J - 

Advanqed Chemistry ^ 








Submodule Title: 


'J 


Appr»x. Time: 




Coagulation 




2*hours 




Topic:- 

Coagulation , - 





Objectives: . " - . • 

Upon completion of this module, the participant should be able to: 

1. List three areas of removal achieved by chemical coar^ulation. 

Identify tKe two .trivalents salts used in^coagiilation and illustrate the 

ionic valence states Of the metal ions. / *. 

3, .Illustrate how aluminum sulfate dissociates to yield sulfate, aluminum 

+ 3 ap4^varibus aluminum hydrolysis* complexes. 
4v Indicate that for a given coagulant, such as aluminum sulfate, lower pH 

values favor hydrolysis species of a more positive charge arid that 
-^-complexes with highest! positive charge are most effecti vein' "coagulation/ 
5.-^ Describe flash mixing and flocculation.^ ' 



instructionaV Aids: 
Handout No. 9 - Coagulation 



Instructional Approach: 
Discussion 



References: 

^Chemistry for Sanitary Engineers'^ 
Water Supply and Pollution Control 



4 



Class Assignrnents: • - • • 

ftead Handout No, "9 T . 

Read Chapter 18, Chemistry for Sanitary Engineers 



Module ho: 



, Topic: 
Coaguleition 



Instructor Notes; 



P. 341, 342. Chemistry for 
Sanifajy Engineers - Purposes 
°^ Cfi^icalytoagulation 



Instructor Outline: 



Handout No. 9 - . 
Chapter 18, Chemistry for 
Sanitary Engineers - Chemical 
Coagulation of Water 



PP. 343-346. ,,Water Supply and 
Pollution Control - Coagulation 



Objective 1 - Object of Coagulation ' • 

Redefine the objective of chejtiical coagulation 
removal of colloidal dispersions and increase 
sedimentation rates. Note again that coMbids 
impart color, tastes,. and odors. Name areas 
of removal by coagulation and discuss*" (a) 
turbidity, inorganic and organic, (b) coloV,^ 
[c) bacteria, (d) algae, (e) taste ^nd odor 
substances, and (f) phosphates. Notfe that ° 
coagulatioi? previous to filtration is 
preferred. 

Objective 2 &'3 Coagulant Salts 

Define the ^wo primary coagulant salts used 
in, coagulation as alumifium sulfate and ferric 
sulfate. Note that they both possess^positive 
patentials and coagulate by mutual coaguJation. 
Show how the salts dissociate in solution into 
their positively charges ions. 

Objective 4 - pH Dependence ' - . . ~ 

Discuss pH and its effect on coagulation and^ 
charged species. • ' 

Objective 5 7 Flash Mixing' ' • 

Describe the general mechanical features of 
coagulation. 
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Module No: 



1. 
2. 

3. 
1 4. 



Approx. Time: 
2 hours 



Module .Title: ^ . 
Advanced Chemistry 



Submodule Title: 
Coagul ati on 



Topic: .... . 
Polyelectrolytes in Coagulatinn' 



Objectives: 

Upon completion of this module, the participant should be able to.i ^ . 

Define polymers and polyelectrolytes , indicate the or\gin of " charges in ^ 

polyelectrolytes. " . . , . 

Explain'how polyelectrolytes, cationic type, destabilize hydrophobic • 
colloidal systems by neutralization of colloidal charges and thus serve 

^fine^hydrophilic colloids and state that most domestic sewage cpritains 
mainly hydrophilic colloids. • . ' .^^..^.^ 

Indicate that counter ions alone, are^ insuffjcient, to destabiji^e hydrophilic 

5- * Explain^how polymers may act to- destabilize and agglomerate hydrophilic 
colloids by both charge neutralization and bridging principles. , ^ 



Instructional Aids: - ^ ^ 

** 


Instructional Approach: \ 






Discussion . 












References: 
Chenristry for Sanitary Engineers 




^ '. • • ; 

• 



Class Assignments: 



'49 



I Module Ho: 



Topic: „ 

Polyelectrolytes in Coagulation : 



Instructor Notes: 



P., 345 , 3467 ChemiTlyy for 
Sanitary Engijieers - Coagulant 
Aids 



P. ^22. Chemistry for . 
Sanitary Engineers - 
Hydrophilic Colloids 



Generally discuss the i'eatures of. polymers 
and polyelectrolytes and explain how 
^X'y^lectrolytes act to stabilize hydrophobic' 
-^c^loids by charge neutralization. : 



Instructor Oytjioe: 



Objective 1 & 2 - 



■ — — T r 

Polymers and Pplyelectrolytes "- 



Objective 3 & 4 



Hydrophilic colloids 



^Si- 



Define -hydrophilic coUoids and discuss the * • 
reasons for their difficult removal by normal ' 
electrolytes. Indicate that much of domestic' 
sewage will contrain hydrophilic colloids. 
•Counter ions alone are insuffieient to ■ ' 
destabilize hydrophilic colloids because their 
stability is dependent upon "love"wfor the,^ * 
solvent rather than the %\ight negative charge 
they carry.. 

ecMjreJ. - Polymer 'pestabilization • ■ - ■• 

'J ^ ■ 

.^1 ate how' j>lyi^rs' destabilize by charge 
«^tralizat1on and also, very significantly . 
By -trigging- pi ncipT^.Polymer^ and polyelectrolytes 
should, be e'xamined as ^n introduction to' this 

oT 'treatment. / - « ■ . -^^ 
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Module No: 


ttodule Title: • ^ . * 

Advanced Chemistry 


_ ^ ' : 

Submodule Title: ^ - - ^ 
Pesticides 


Approx. Time: ' - ^ 
2 hours 

> 


Introduction . " ; 


Objectives: ^ • 

Upon completion of this module, the participant Should ie able to: 



1. Define pesticides according to biological usefulness and describe two 
•instances where pesticides are used. • 

2. ^List the three major types of synthetic organic pesticides and name 
■ three orgahochlorine cqmpounds. . . 4. * 

3. pes.cribe one w^y ih whij:h pesti-cides may be introduced into streams 

' and water supplies. ^ v , , . , j 4.- * 

4. : differentiate between the susceptibility to bioldgical degradation ot 

•■'the' three -groups-of pesticides.. - . ' rt* 



Instructional Aids: 



Instructional Approach: 
Discussion 



References: ' . 

' Applied Chetn%try of^ Wastewater Treatmen|^ Unit 6, Ann Anbor Series . 
Chemistry for-Sanitary Engineers 



Module Ho: 
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Tdpij:; - , — 

Pesticides - Introduction 



Instructor No^s: 



PP.' 301-318. 
Arbor. Series 



Unit 6, Ann 
- Pesticides 



P. 150-154. Chemistry for 
Sanitary Engineers - Pesticides 



Instructor Out/ ine: 



Objective 1- Biological Usefulness * ' 

^efirte pesticides anithe history 
behmd^em. Also describe various instanced . 
where pestici,des are used for' insect control, 
crop control,. rodent control," fungicides, weed 
control, -etc. Exhipine the economic relevance 
of pesticides. . ■ ■ ■> 

Objective 2 - Types ' , . 

Examine'the three mffjor synthetic pesticide 
types — organophosphates,*organochlori nes, 
carbamates. Bhovt graph representations of 
nn?*o.'-l!*.^^^^'"^^ *yP^s Of organochlori nes, 
DDT, dieldrin, aldrin, DDE,- heptachlor, etc. 
Note the similarities between organochlori nes , 
and PCB compounds. , ^ . 

Objectives 3 & 4 - Introductibn to Environment' 
^' and Toxic Effects 

Discuss ways that pesticides are introduced i"^nto 
the aquatic environments --runoff, wind, 
le^chates.^ Indicate the relative importance . 
Of each. Di^fferenti ate between toxic effects 
of pesticides on aquatic I'ife in teniis of the ■ 
three synthetic classes of pestiddes. ^Iso . 
differentiate between the susceptibility tD' * 
biological degradation, of -th.e three cl asses ^and 
the significance, of these differences. - 



• 


* » « 


/ 

** * * 
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Module No: 


Module Title: ■ ■ - - _ . . 
Advanced Chemistry 




• 


Submbdule Title: ■ .. ' "^^ . .; 




Appro)^. Time: 
2 hours^ • 


Pesticides . • 
Topic: ' ' 

Pesticide Systems , , . ' ^ - ^ 


• 


Objectives: 




■ • « . 


Upon^ completion of this module, tbe participant should' b'e able^to: 

1. Explain that orgartic pesticides are relatively insoluble in water and a 
significant portion^are adsorbed on suspended solids or deposited in 
sediment of streams. • , \ 
^2* Indicate .that during periods of agricultural runoff, ^pesticides fixed On 
soil particles .mso^ be transported into aquatic -systems. \» 

3, Describe how pesticides, especially organo'chlorides, may*e concentrated , or 
accumulated through food chains • . , 

4. Indicate a method for-degradation of pesticides; 




Instructional ^ds: 


/ 


t 

> 


Instructional Approach: . ^ ' * 

Discussion , ' - ^ 

\ ^ • - • - ■ • 




References: 






Applied Chemistry of Wastewater Treatment; "Unit 6, Ann Arbor- Series " ' 
Chlorinated Hydrocarbon Pesticides in Bottom Sediments, thesis by Don L. Kriens, 
1972, University of Iowa Library ' ' ' 

* 




p— - ■ ' ■ • " . ' ' '1 

Class Assignments:--'"^ ' ■ . * ■ 
^ - " ' • . - • " ■ • 

\ r . ■ . . ■ . 

- ' ' . ... / \ ^ . ^ _ — ^ 



Module Ho: 
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Topic,- 
Pesticide SystemT 



Instructor Notes; 



Instructor Outline: 



-Chloi'inated Hydrocarbon 
Pe^ticiSes in Bottdni Sediments 
Introduction' and. Summary 



PP. 301-318. Unit 6, Ann 
.Arbor Series - Pesticides 



Objective 1 - Solubility in Water " ' ' ' ' 

N^te thaf organic pesticides are relatively 
nonpolar compoun^is and are relatively insoluble 
'in water. Indicate' that 'si gjiifi cant portions 
Of pesticides may be adsorbed on suspended 
' solids in streams or also attached to .other' 
organic solids or dolloids. There is a 
van abi 1 i ty « of s dl ubi 1 i ty of organi c pes tj qj des 
in water in respect to types of pesticides . 
and individual compounds. • . 

L Objective 2 - 'Runnff 

Explain that agricultural land runoff > 
contn'tutes a-major portion of pesticides ' 
'into the aquatic environment. 

Objective 3' - Food Chains . " , 

Discuss how pesticides, especially organochlorines 
may accumulate .throiigh food chaitis due to' their 
I nonbiodegradable nature Indicate that ihis 
•bi ©magnification or QjjRcentration of pesticides 
I may reach a paint where it could be toxic to 
the,organism in question. This H especially 
prevalent in regaVd to organochlori'ne pes-ticides. ' 
thart out a food chain as an example. 

Objective 4 - Degr^dation^of^^Pesti CI des • ^ 

Discuss how pesticides may be destroyed or. changed 
through biodegradatiori, chemi^eal decoiriposition^ 
photo decomposition etc. v ' • - , 
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Madote No: 



— Mothrre- Title: 

Advance- Chemistry- 



Approx. Time: 



■ Zh hours' 



Submodule Title: 
Heavy Metals 



Topic: 

Introduction 



Pbjectives; 

■ Upon conpletion'of^this^modJLlJ^^ should 'be able to: . 

X List four heavy metals by symbo-ls. /, ■ ' , - 

2. Indicate that the most significant concentrations of] heavy metals occur 
. in industrial' was tewat-ers. . .' ] . . 

3. Explain that Jieavy_ metals-, which may dissolve in watgr to produce heavy 
metal cations, may be toxic or inhibitory to growth bf microorganisms 
in waste 'ir^^tment at significant concentrations'. ^ . . 

4. Indicate that heavy metals may be in inorganic' con?)o^nd. forms and 
-thisM§. a- factor in determining toxicity.. to human§. s ^ ..„-___ - 

'5. Discuss how heavy metals may accumulate through, food chains and induce, 
toxicity in man.' " . '.. • . . . 



Instructional Aids: 
-Handout N( 



^eavy- ftertals 



Instructional Approach: 

h Discussion ^ \ 

/Interpret* Handout No; 10 



-5 - 



I 

1 



References': 



1 



^ Applied ^Chemistry to W^stfewater Treatment, Ufjit 7, Ann ^A^bor Series 



•I ■ 



I ^ 



Cla?s Assignments: 
j' Read Handout No. 10 >■ 
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Module Ua: 
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Topic: 

Heavy Metals Introduction 



Instructor Ntftes: 



PP. 279-304,. Unit 7, Ann ' 
Arbor Series - Toxic Cations'- 



Handqut'No. 10 - Heavy Metals 




Instructor Outjine: 



Ob'jectivesM & 2'- Heavy Metals and .Contributors 

List several heavy metals and indicate the 
major source "of heavy metals in wastewater 
industry. /; . v 

'■ 

Ob j'e cti ve ■ ^ .^-'tox i c cations- 

Rev^ei^!!^^! c effect that heavy metal cations 
can have c^^realment microorganisms. 

Objective 4# Form of Metals 

Explain that metals may take an organic or 
inorgaRic foCTi in the .environment. Generally 
state that its form, organic or inorganic, 
may determine its relative toxicity to humans. 
For example Hg mercury is usually more toxic 
as an all^l mercury, usually methyl mercury,' 
than its inorganic- form, such as Hg vapor. 
TJ]is is an important factor when detemining 
toxicity to humans and other organisms. List 
a few effects of metal poisonings on humans. ^ 
For example, methyl mercury — . teratogenic 
or causes^ deformed children, Pb — nervous system' 
disorders!, I As - brain ^disorders and so 6n. 

Objective 5 ^ Food Chai ns* . 

Discuss Accumulation of heavy metals through 
■food chains an<Hiow toxicity may .result. ' : . 
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Module No: 



Approx. Time: ^ 
2h hours 



Jtedule Title: 

Advanced Chemistry 



Submodule Jitlel 
Radioactivity 



TlKpic: 

Introduction 



Objectives: . ^ 

Upon completion of this module, the participant should be able to: 

* . *• 

1. Describe the classical atom picture consisting of a central nucleus made 
up of relatively massi'Jfe protons and neiitrons about .which rotate a number 

' of electrons in orbit. ■ \ ^ ui 

2. State that certain atoms are radiqactive, , have -nut lei that are unstable 
and emit energetic particles, a pulse c^f energy, 'or both. i 

3. Identify radiations emitted by the radfoactive decay process as alpha 
and beta particles ^nd gamma rays; indicate their relative penetrating 

powers. , — ] - ' . i .> i-- 

'4, Define curie and indicate its use in defining quantities of radioactive 



materi a1 s , 



5 



Instructional Aids: 



Instriictional rApppoach: 
Di5t:ussion 



References: 

Chemfstry for Sanitary Engineers 
Water' Supply and Pollution Control 



fr 



i 

h 



Class Assfgnnients: 



Read Chapter 9, Chemistry for Sanitary Engineers 



6 ' 



ModuJe Ho: 



'Instructor Notes: 
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Topic: 

Introduction 



Radiation 



ERIC 



Chapter 9, Chemistry for 
S^nit^ry Ehginee'rs - Radio- 
chemistry 



P. 367. \Water Supply and 
Pollution Control - Radior- 
activity 



P. 247, 248. , Chemistry for 
Sanitary Engineers - Nature of 
Radiations 




4 % 



Instructor OutHne: 



' Qbjecttve 1 - 'Atomic Picture^ 

Evaluate the Bphv> theory of the atom, show 
ftow protons, neutrons, electrons relate to 
each other and the nucleus of the itom. 

Objective 2 - Radioactive Atoms 

Examine naturally ocsurring ratiioactive 
elements, atoms which have nuclei that are 
unstable. apd emit energetic particles or 
a pulse of energy, or both. 

Obiective_J_ - Emissions < 

'Discuss the various emissions and their ' 
relative penetrating, powers, and thus, their 
energy levels. ' ' 

Objective 4 - Carie , - ^ . 

Define-nature pf radiatidn^, and the unit of ^ ' 
radioactivity, curie. Relate the use of curie^ 
in defining quantities, of radioactive emission^. 



58 
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Module no: 



Approx. Time: 



ftodule Title: . 

Advanced Chemistry 



Submddule Title:.. 
Radioactivity 



Topic: 

Sources of Radiation 



Objectives: ' * ^ ' } 

Upon completion of this module, the participant should be able to: ^ 

1. state that, there are over 40 kinds of atoms displaying natural radioactivity, 
most with, atomic weights over 200.' , ' * . y ■ 

2. Describe two sources of radioactive materials. 

3. ' Indicate that uranium -is the mother 6f a chain of naturally occuring ^ 

radioisotopes 'and ultimately disintegrates into-a stable form of lead. ^ 

4. E:jCRlai4l how nuclear reactors in power plants represent a potential 
source of radioactive waste in strealiiB. ' ' ^ 

5: Indicate how ra<lioactivity can be rempved from water supplies. Give . • 

one- example. . ' ''1 [ : .. .. j -! 



Instructi onal Ai ds : 



J 



> i 



Insyuctional Approach: 



Discussion 



. 7 
) 5 



^ r 

Referervces:' 



Wker Sup{}ly and %)llution Cdi^trol 

1 . ■ } ■'. } 



\ 1 



class Assignnients: 



j 

• » 

\ 



Hodirle Ho: 
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.••■■T0fp<ir: " 

■Sources of R-adiation 



Instructor Notes: 



P.' 368, Water Supply and 
Pollution Control - Radioactive 
Pollutants 



Instructor Outline: 



Objective 1 - Types, of Radioactivity 

Indicate the types of radioactivity which 
^occur in nature. 
? 

I 

I Objective 2 - Sources 

I ' ■ . 

Briefly explain various sources of radioactive 
Ipollutants. . .. 



urn 



^Objective 3 ^rani 

jExplain uranium as a natural radioactive orfe 
iwhich will ultimately decay into a stable f o'rm • 
of lead. Radium is a significant waste product' 
!of uranlumi Indicate the relative long 
hal.fliv.eis of .radioactive -sources, varying 
degrees. '\ ""\. 

' =1 . ' ' ■ ^' ' 

^ Objective 4 - Nuclear' Reactors^ 



Explain how nuclear reactors represent a source 
bf introduction -of radioactive waste into the 
water and ^ir environments. Major contaminants 
jVould be radioactive krypton, xenon, and tritium. 



P. 369, Wafer Supply and f ^ 
Pollution Control - Remova;! 
of ^Radi oactH vi ty from" Watef 



f Ob jecti ve ^5" 



Remova'l 
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I Indicate that lime-soda ash softening is an 
^effective ^thod of removing mosi radioactive 
iwastes frohi^water supplies, - Filtration usually 
jremoves onlly wastes associated with suspended 
jsolids. Distillation is the most effective 

method of Vemoval-, but is most expensive " ' 
jDiscuss {jeblth problems associated with- ,• '■' ^■ 

radiation exposure. " 



i 

1 ■ 



\ 
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Polarity of Maten 
Handout No- 1 

Molecules are neutral, and the positive charges in them are 
exactly canj:eled out by the negative charges. But charges in some molecules 
• may be spaced so that they do not cancel eaeh other .out exactly 5^,. so that one 
end is positive and the^other negative but the molecule as a who^e is f 
neutrally charged. Remember that like charges 'repel each other and unlike 

" - ; ' ^ ^ . ~ ^ 

charges attracts ' ' ' ^* 

Water molecules are polar and account .for much of the |^ather odd 
behavior of water. 

' A molecule bf^water HoO contains 2 atoms of H and 1 at^m'of 0. 
Oxygen contains 8 electfons and 8 protons. ' | • - ^ 

Hydrogen -contains 1 electron and 1 proton. • 
Oxygen contains net neg^ttive charge of -2. ' ' i 

Hydrogen contains a netj positive charge of +1. / | 

A neutral water mol ecu l|e contains lO^electrons . . |' 

^ . The HpO mojecule may be illustrated as • 

\ \ ., \ 

' ''' ' . • o ■ . .) 



1. * 



V 



The bond between i\ and 0 may be 'represented as H:0 whire the ^ 
electrons in the bond are shown as* 2 dots. The nucleus of an oxygen atom 
pulls on .its bonding electrons more- stroftgly than a hydrogen nucleus does, 
' thus^e electron pair' trapped between an 0 atom and an H atom iJiJl tend- to be \ 
clb'ser to the 0 atom/. Because. of the off-center position of this electron 



I 
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pair the 0 end of the bond --is more negative thah the H end. .Therefore,, the 

• V <^ , . 

0-H bond wfill have electrical polarity, the hydrogen parts of the molecule 



having more positive cha'fge and the oxygen end having more negative charge. 
The positive charges on the 2 hydrogens, hydrogen as a +1 charge, exactly 
balance out the negative charge on the oxygen, -2. The molecule is electrically 
neutral, but still remains polar. Why?^ 1^;;^ 

The water molecule, though neutna| electrically, is a polar molecule 
because of the manner of ori^entation in sprite between the oxygen and hydrogen 
atoms. Examine again graphically: : } _ . 



) ! ^ 

^ The angle between the mol^ule i^s|l05^. This means that the H 
nuclei are not pulling in exactly the oppqslte directions. The molefiule 
•has positive and negative ends, H pbsitivd ^nd 0 negative. This spatial 
orientation; caused by' the 'off-center posftion of the electrons in the H-0 
bond accounts/for the polar nature of wat^w and is responsible for many, of 
water's unique^ characteristics. ' i i ' . '^^^ 

Notet.tnat the positive .charges 6r^ the H nuclei tfend to keep the 

^ ' • ^ ^ 

hyd'rogen atoms apart," like charges i^epel ea'ch other. Again i^n terms of 



,^arges the molecule is shown as.: \ 



1 ^ ^ 



. .0 .. I ( 

The^ charges balance each other |b|it -are spatially oriented so that 



the charges cause the molecule to be polaf* 
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Polar molecule?, V^ke have attractions for each other. In 
water the oxygen end of the compound attracts the positive or hydrogen end 
of other water molecules.. Remem})er 4;hat water solutions are combinations 
of many H2O molecules. The proton in the hydrogen- end of 'a water molecule 
can form, a -"weak" bond with an unused pair oif el^rons on the oxygen of a 
second water molecule. One manner of illustration may be: 

.ri 



Note that the bond within a water molecule is a bond of shared 
electrons, the bond between ^ water molecules*Ss the si.ngle proton from, a 
hydrogen nucleus, a hydrogen bond. 'This hydrc^en bond is yeaker than the 
H-0 bond in the molecule itself. » " . j , • 

i There are many other types of molecules that afe nonpolar. , 

\ ' \ ■ / 

For example: yJ{ •• 1 \ 

. ■ ■ ■ .. . \ 1 . • . . _ 



H 



The C and H nuclei have nearly the ^ame equal atstraction for the 

electron^. Since the C-H bond shares the electrons equally the bond is* ^ 

' • . . ^ ^ i 

nonpolar*/ More so, the equal .distribution of jfrydrogens anount the'carbon 

tend to make it a nonpolar molecule. • ^ . ' , * ^ 

' The major sigtiificance of nonpol&r hud polar molecules is in the ' 

realm of solutions. . Remembering the like dissolves like we understand then 

that a polar solvent like water will not be misci.ble in a nonpolar, solvent 

6i3 . . ^ 



,1 



, 1 
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like carbon tetrachloride or gther ^onpolar organic solvents. Also since 
water is a polar solvent it has great dissolving powers Wflen^^; comes to ' 
dissolving ionic so.lids whiqh carry charges.' 

Another example of a nonpolar compound is carbon tetrachloride (C CI4) 

- ■ ' €i . 

~ - ■ . cje . V — 

Most all organic solvents are nonpolar. Org^ic comppunds are ^ 
those which contain the element carton wjthiii them. 




0 ? 
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, Cpg and . O2 Sol ubi 1 i ti es ,in Water 
^Handout No. 2 



' Oo oasAis nonpolar, so is Cl2 or any other gas made up of 2 atoms 

that irfe alike. /This is not necessarily to say that Oo'does not dissolve 
/ • * 

in water. 0bvi;6usly it 'dofeSi but it does so to a lesser degree due to its 



strictly nonpqlar nature. 



C02iis more polar than O2 but does not act like a Viighly polar 
molecule. The C is the positive* part, ^ 0 t)ie negative part. 



180 



Due.td the opposing" pulls of the 2 polar C-0 bonds' tJie^C02 molecul| 



is not highly polar. It is not highly' polar like H2O because the opposing 

I ■ ' 

polar bonds are] exactly oriented spatially 180° from each other. 



1 

/I 



Howeverf CO2 is more polar than O2 and thus'is. more soluble ,7 [ \ 



tn HoO. 



4 



I 
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HANDOUT N6. 3 "Carbonate Etiuilibriutn"-. RACES 
b3-b7 REMOVED. PRIOI? TO BEING SHIPPED TO EDRS 
due" TO COPYRIGHT 'RESTRICTIONS. " 



.i 
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pH Sca.U " 
Handout No, 4 



V 



{H+) 



-EH 



-J 

(OH) 



, Increasing 
Ac^'dity 



Neutral 



Increasing' 
Basicity 



0° 

d-i 

0-2' 

0-3 

0-4 

0-5 

0-6 

0-7 
0-8 

0-10 

10-11 

or 12 
0-13 

0-14 



0 

1 

2. 

3 

4 

5 

6 

7- 

8 • 

^9 

10 
11 

12 • 
13 

14, 



r X 

•1 'X 

1 ;x 
1 ^ 

If 

1 JX? 

■> 

1 ,x 

1 >< 

1 fX 

lix 



1 



0-14 • 

0-13 

p-12^ 

0-11 
0-10 

0-9 

0-7 

0-6 

0-5 

0-4 

0-3 . 

0-2 

0-1, 

(JO 



(H) and (OH) -are in terms of molar concgnti-ations. 



I; 
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Examples' 

.1 M'HCl 
.2 M HCl 



Distilled HgO 



.3 M|fJaOH 

' ~ i" 
• ^ 



titration Exanple " . • ' . . 

Handoul No. 5v ■- . , ' « • 

The normality of' acid solutions used to measure alkalinity 

' (as C9CO3) is usually: . . , * 

1/50 = N/50 or^ .02 N . - 

Thus in a titration to determine alkalinity a specified volume of sample is 

used and titrated with a specified normality of acid. The -volume of acid 

used to titrate is determined at the. end point. By usi^ng the equation: 

mg/1 alkalinity as CaCOs - ml tit rant x N x EW x lOOO ' 

Sample volume in inl ^ 

And alkalinity is thus detpmined. 

As an example. 100 ml of sewage, sample (effluent) is titrated with 
.02 N'H2S04 and the' volun^. of titrant used is 12- mV, find the arlkalinity. 

mg/1 alk. = 12 x .02 x 50 X l-OpO ' . ^ - • ' ' 

Tooin ^ - . '. ■ ■ 

50 is use^ as E.W. (equivalent weight) i,n» order to. expr«ss alkalinity as" ^ 



a. ' Find the alkalinlty^of a sewage sample (lOO jnl) tn which 20- ml of 3 
. '^-^ • - ■ . • > • ' ' ' , ^ 

..02 N H2S04- titrant is used. Express? as mg/1 CaGO^. ^ / 

b. ' Find the al'kaynity of a sewage samplfe (50 ml) fn 'which 3J ml of a 
025 N H2SO4 titrant is used.- Expres^s .as mg/1 CaCOs. - 



Aromatic Compounds^ 
Handout No: 6 • 



• ' A^l aromatic compounds have groups of aromatic nature in their 
•structure. The basic tin-j^ of aromatic compounds is the. benzene ring- 



HC 
H 
HC 



t 




as 




The formula shows .double bdnds between alternate carbon atoms in 



the ring. 

Functional groups added on to the be^ene ring may include 
As examples but not inclusive. * • ' \ 



7 



- CH3 methyl 

- C2H5 ethyl ■ 

- CI chloro' 

- F fluoro 

- Br Bromo 

- I lodQ 

OH alcoho ( hydroxy )i 



- C - Ketone 
II 

0 

- C - N nitrile 

- NH2 amino 
-^N02 nitrd 

- acid 



dehyde"" 



J Examples 





Tolvene 
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Ethyl benzene 



102 



M-Chloronitobenzene 
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Phenols: 'PhenoTs<]are benzene rings with OH grq^ups attached. . The 
basic compound phenol is -shown as: ' ' • - 




Phenol 

Others include added functional groups. 




HAtlDOUT NO. 7 "Biochemical ' Oxygen Demand - Overview^ 
PAGEX .7S-fll and HANDOUT NO- fl. "Salinity" PACES 82-^0 
REflOVED PRIOR TO BZIHG SHIPPED TO EDRS FOR FILflING, 
DUE TO COPYRIGHT RESTRICTIONS. 



Coagulation. ' ' ^ " ' • ? 

Handout No. 9 . • ' 

V 

Coagulant Salts ' - • ^ . : , 

When aluminum sulfate AI2 (504)3 solutions are added to water the 
molecules dissociate to their various ions-.and also Jonic co.mplexes. 

' Al2(S04>3 + HgO >9f\>+++ + 3 SO4 - ' - ^ 

In addition to Al"^"^"^ various .hydrolysis complexes are formed with the OH" of 
the, water. . - * ^ 
.Alo(OH)++ 

Ai m)^ - ' , • , • \ 

Al {OH)a .^^ ' ' / ^ o * ^ ^ 

Aluminum sulfate is usually cal.led til terfalum in engineering practice and 
may alsp be 'shown a? (AI2 (504)3 . 14 H2O). ^ ^' ' , ' 4 . "*. 

the various positively charged ."species^' formed may combine with 
the negatively charged colloids tb neutralize part of the charge *on the coljpid 
and effectively reduce the zeta potential to a point at which the col1ai,ds will 

coagulate together , - ' - * • ^ ' - 

' . Al"^*^ + - colloid^- 'A VcomK 'V *' ' • . ' . 

'Ferric sulfate Fe2 {804)^ likewise, dissociates' tS yield: Fe2 (504)3 
aFe**""*^ + 3 504^ and various jiydrolysis complexes , V 



+ - 



Fe {0H)2^\> : \ . ^ 

Fe'(0H)3 . ' \ . ^ .i- 
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Chemistry Involved 



It is notable tha't the species with the most positive charge is 
preferred. pH at lower values tend to favor -those with a positive charge.^ ' 
pH values of 5 - 7.5 are .considered the proper pH ranges- This is logical 
since^ lower pH values yield jnore H"*" io^, less OH"* ions, and therefore greate 
quantities of Al*^"^ ions,' the more ^positive species. . 

extreme pH depression, however, is /undesirable and natural' 
bi carbonates present act as, buffers by this reaction. 

HCO3" + H"*" ~> H2C03~^C02 + H2O' ' ' 

The zone of pH 5 - 7,5 is. the zone of least solubility of floe and 
therefore the zone of greatest precipitation of flpc or greatesj coagulation. 
Residual alka;linity buffers the systero at pH levels 'above 5 and guarantees ' 
total, precipitation qf coagulating ions.- ' , } 

• Chemical coagulation is not^'fuUy understood and the^chemistry 
involved is somewhat complex. It should also be noted that aluminum, and iron 
salts (coagulants)*have great advantages in that they remove, in addition to 
collqids, suspended, matter and phosphates* However, a disadvantage is the 
addition of rather significant quantities of dissolved /olids to the final 
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Heavy^ Metalsr^ 
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Handout No, 10 





4 


Be- 


Selenium 


rn - 


Ni ckel . 


Pb - 


Lead ' 


... 


^f^lercury 


' 'i 

4 





avy Metals 

F"^ — 

^ As - Arsenic 
Cd Cadmium 
Be -'Beryllium 
Cr - Chromium 
V - ,Vanadium 
* Mn - Manganese ^4 

Metals have varying effects- according to source and form* in the 
environment.\.A few^are, given. here7 • * . ' • 

Arseni c - As 

Sources - non fer^pus^metal smelting, rS.6&/ood^cOjal cojmbustion, some natural 
waters.' . /- . ' , 

Uses - insecticides, herbicides (organic), medicinals - potassium arsenite 
(Fowler's soln), anthelmintic. , ' ^ . * : 

Toxicology (effeqt>on humans) kidney mal fun cti^^and failures J centra] 
nervous system toxicity, dermatitis., cancer of skrn, t)>adder,.esophagusv ' 
xver. ^. ^ * * / • . < / 

Cadmium - Cd. , . . , — 

Sources - lejad and zinc smelting, stiver soldering, electroplating battery- 



manufacture, paint pigments, catalyst in plastics manufacture. 
Toxicology - 'anemia, loss of calciuHK^nd phosphatl^in kidneys, damage t^o 
osteogenic tissue of bones. ^ 
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Mercury - -Hq ^ 
Sources - Mining of cinnabar, Hg'is a. minor component of many ores, 
distributed to environment in course of Smelting. ^ ^ * . / . * 
Uses - Electrical and electronic device's, as slimicides, in paints^ as seed.- 
protectant fungicides, in amalgam filling - dentistry, in \aboratory and 
medical apparatus, as catalysts in plastics manufacture, as, medicinal s 
{HgCl2 disinfectant, HgCl - calomel laxative, ammoniated Hg as a disinfectant.) 
Penetration of human food chain: (a) Some uptake from soil into plant life - 
minimal, (b) Major source of penetration of human food chain is through 
marine sources of. food. Mercury 'alkylated by bacterial metabolism - moved 
up through .pi anktoh to^fish, eaten by humans, (c) Consumption of^^ain treated 
^with Hg fungicide or of animals fe,d Hg treated grain. ^ • * * ' - / 

Toxic aotions - HgCl2 extremely toxic, kidney damage, organic mercurys 
nerve tissue damage, severe brain 'damage. . - ' ' 

** . . " 

* * ' , Lead ^6 * ; . 

Sources - ores, storage batteries, .non .ferrous metal .smelters - zinc, copper. 

Uses- - storage batteries, gasoline 'additive (tetraethyl lead)? paint pigment, 

' ammunitions,- solder, isfiieldin'^, caulking, several bther^^^s.' 

Intake of Pb by U. S.. resident =^ S ^ 

" ^ . • ^ . 

Avg* daily ingestion (food, v/ater) = .35^/mg/day 

Avg. daily exposure (air) =^-15-^mg/day 

Total exposure * ' ' = .50 mg/day 

Righest absorption rate is' in cities. Pb is stor^^d nfostly in bone tissue • 
and is excreted primarily*" renal (kidney). Additional sources of lead for 
hipan consumption: : • • • • 1 ' - 

■ 75' .. 
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-a. ' lead paiifit^wps 
b. Smelter air sheds 



c. Food grown, near freeways { 

d. Lead chromate paint < 

e. Food eaten from lead-glazed pottery 



Toxicolo"^ - nervous system disorders, anemia caused from impaired heme 
synthesis, kidney damage. , - ' 



, ^ Manganese Hn ^ 

Human exposure - mining, alloy manufacture, medicinals 
Toxicology - Mn"*"^ toxic to central nervous system.. - 



Human exposure - nickel ca^bonyl used; in metalltirgy is extremely toxic. 
Toxicology - dermatitis, nickel carboj^yl is^very highly carcinogenic 
^{cancef causing). 




ERIC 



76 



ProbleniSet No. 1 - Carbonate Equilibria 



Fill in the following blanks: 



1. HgO + 



2. HgCOg^z^ 

3. CaC03 (solid) 



rH2C03 
+ HCO3'* Show changes 

Show changes 



4. CO^ increeises the dissolving power of waier by forming 



acid. 



5. The solid CaC03 dissolves in water into ions Ca"*^ and CO3. When a 
solution of CaC03 is said to be saturated it has the 



(maxlmun}, minimum) amount of Ca"*"** and COJ ions allowed in solution. ^ 
.6. In No. 5 above if Ca"*^* i*ons were introduced from an outside source would 
some Cac63 (solid) prec4pitate ou1#of sqlutibn. (yes, no). 

7. -True or false - Some.C02 is picked up^y our natural waters because 

of their contact with air above* 

8. Which is more solubllPat the sam^ temperature and pressure > 



O2 or CO2. Is Ui^imr^ or less) 



polar than 0^.^ 
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Module. No: 



Approx. Time: 



Module Title: 

Advanced Chemistry for Operators 



SlibriK^dule Title: 



EVALUATION - Part A -/Re-actions in Water Solutions 



Objectives: v" 
. Evaluation Questions / , • ' 

1. The water molecule is electrically. 



Water hiolecules" are 



_(polar, nonpolar). 



3. Water molecules are held together by 
continuously ps groups in solution. 



4; The ^alle^* entity of water. is the water 



bonds. WateV molecules mo\Ae 
• « 

. (ion, molecule) 



5* Ions are separated in water solutions by the 



6'. Increasing ionix content causing the water of hydration to be spread thinner and 

thinner will eventually result in (saturation, insaturation) for the 

particular ionic soJ^ition. . ; 

7./Nonpolar subsUnces wilj generally dissolve to a (lesser, greater) ' 

' ' extent in.wat^r, a polar substance. / * ' 



8. Since carbon dioxide is more 
' water to a (greater, lesser) 

Answei: the following : 



polar than oxygen, carbqjn dioxide wil[l 'dissolve i^^ 
extent- than' oxygen. * ^ ^ 



by equation foria how CO2. reacts* in water to form carBohic acid. 

10. Carbonic acid will jonize fh water solutions. Shbw the lorMzation equations for 
/ caVbonic acid., . , 

^ ' *^ • • r- 

11. Briefly describe how CO2 increases the' jlissolvlng power <)f water (causes more, . 
' ta^03 to dissolve). 

.12. Briefly explain how the removal of^COg during aeration &nd algal blooms will 
cause aft increase in pH. • ' * 

. • • ■ %■ : . - 

-True or False , , , - ' 



13. 
14. 



^Calcium carbonate and magnesium carbonate are sotieces of bul^fers. 



^Bicarbonate is a main source of alkalinity i|i wastewater. 

■ ' ■• - ■ 78 " " 



15. _ B t carbonates can be formed by ()acte^rial degradation of organic ^ 

CByton to eOo and CO2 reacts in water to produce carbonize ^citii - 
carboniic gcia then ionizes to prqduce bicarbonates, r /* 

16. "H ydronium^ions (H***) can bje produced by the ionization of water. 

17. ^ Hydronlum ions (H***) can be prodi^ced by the' loniza'tion of acids. 

' -^"^^^ *' * 

18. pH is not a\function of the hydrogen ion (hydronium'.ion) 

•cbncentratio^i. - . , - ' ' , 

V - ^ . , • V 

19. Increasing amounts of Tiydrogen ^ons in^water solutions will cause* 

ah increase in dH. ' ' 

20. Hydroxide ions may ^not react with hydrogg^n ions to^ produce water! 

molecules'. - * ^ ' * ' 

21. J ^HydVoxide ions ^an be produced by the ionization of w,ater. 

22. S'trong^a'cids and weak acids ionize to the ^ame degree {% ionization); 

2*3. . • S trong bases and strong acids will ionize {generally) 100%. 

24. Addition 'of a basa. to' a water solution will cause an ificrease ir^ 

hydrogen ions, a decrease in ^tiydrox^de ions, and *^adse tlire pH to 
decrease. * . ' ' 

/ . — -p-I ; 

f25. ' A weak acid will ionize less than 

A weak base w^ll ionize 100%. . , ' ' 

27. A dding an acid to, a water ^iftlution will decrease in hydroxide rbns, 

and a decrease >n pH. . ' ' , , 



28. 0. - 7 Is considered. thre ba^ic rangfe of pH values./ ^ * ' 

29. ^A base is a substance that will accept protons, 

30. r Acidt1;^^and alkalinHy are exp^ressed |n terms of XaCQg in 

• wastewater* analysis;^* ■ • . • ^ * ' * 

Answer the .following: 4|^. • '/ 

3k Show, by equation^Bb,* how HCl acid dissociates into its component ions. 
32. Show, by equation ^fdrm, how NaOH base dissociates into its component, ions • 
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33. . Draw a diagrain of the pH scale, list ba,sic and acidic areas.. 

34. Given the acid HCl and^the base NaOH, show by equation the 
neutralizatioij reaction between, these substances, show products. 

35. Given 10' mis of. .1 f^. HCl how many mis of .02N NaOH are^required to 
^ neutral ize'H)r*' react with the HCl. Use N| x Vj = N2 x equation. 



> ^ 



i 



iEvaluatidn « Part A - Answers 

^) • ^ ' 

U» Nqutral 
^zr Polar 

3. Hydrogen . / 

4. Molecule 

5. Water of hydration 
j^cr" Saturation 

7. Lessor • 

8. 'Greater 

9. 002 + HgO'". H2CO3 
10.. H2CO3 H+ + HCO3" 

HCO3" 




/ 



^11- In water. containing C02^ more H2CO3 is produced-, thus according to the' 

ionization eqJations, carbonate ions are changed to' bicarbonate. As ^ 
H >! more carbonate Ions are changed to' hi carbonates the equi libri um effectively 
• shjfts cauiing mQre-s^qlid CaCOg to dissolve in jrder to replenish 
carbonate ions. ' " ^ '-^ . / 

12. Aeration will cause CO? to bie removed'from solution .in'order to maintain 
the air-W9ter CO2 sol^ubility equilibrium* Algae^ u[itake also results in 
a decrease fn CO2 in water since COp causes "aciBity" through free CO2 
COD cent rations and production of HpCO.o loss of COo^will cause an increase 
in pH (less .acidic). * 

13. T - / ^ • 

15. • ^ » . ' ' . • 

16. T . . . ' ii*. 

17. T . . . [ Ji r « . " 

18. F. , , 

19. F'" 



81 




20. 


F 


21. 


• 


22. 


F • 


-23. 


T . 


24. 


F 


25* 


T. 


V 




26. 


F 




J 


28. 


F 




T 


30. 


T 


31; 


HCl 


32. 


NaOH , 


33. 


14 




13 




124 




. 11 ^ 




10 




9 




. 8 




7 




6 


r 


5 




4 . 




jv 


34. 


HCl + 


35. 


10 X . 



H+ + cr 

Ka"^ +,0H" 



Basic 



Neutral 



Aci di c 



Pa^plOl orf 111* 



NaCl + Hgp 



50 mis. required 
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Module No:. . 



App^rox. Timeit 

' — r-' ^ 



Module Title: V 
^ Advanced Chemistry for Operators 



u 



5ubmodule Tittle; 



EVALUATION ~ Part B Organics; Inorganics 



Objectives: >^ 

Evaluation Questions - 70% 
Ffn In the f6n owing blanics^ 



1. '^Organic compounds ar^ compounds that alwc^y^ contain *tb^ el ement_ 

2. ^Ongcinic comppunds generally have (higher, lower) 



mo le\u.lar-# weight 



than inorganic *con¥>ounds; organics are '{combustible, non-combustible) >^ 
organics jtre (less, mof-e) jources of food for bacteria. ^ 

/_ bonds attached to \it. 



• Carbon will almost always 'have (2, 3, 4) , 

4. .V is the simplest hydrocarbon and is a gas produced fron| anaerobic ^ 

>^ ciigestion. - ' . . , 0 ) 

5. Aliphatic, and' aromatic compounds are differentiated by the . 



True or False 



6. 
7. 

10. 
11. 

% 
13. 

i 

i4., 

15. 



nng. 



\ 



Aerobic bacteria may utilize organics as fdod sources and oxidize^ or<ganics 
Into inorganics, ultimately forming CP2 and H2b7 \^ 

^eH3 CHg. OH, ^^CHsOH' are 'known as alcohels. , ' 



0 



^Methane's formula is CH3,. • 



IpcrMse^d loads of organics in tr^earfment' (secondary) systems will cause 



increased dissolved oxygen demands 
_Organic acids will not cause corrosMon, 
Chlo'ri nation 



/ilT become. more effectivOn disinfecti6n when higher organid 
"quantities are:present. -^^ ^ , 

** ^ * . ' , . ' ' * . . 

j^tasitics are .organic contends i^lrich^re 'Veryrdtf^icttHf-to-b^^^ , , 

""degrade.^-. ^^"^ . * . - ' . ^ 

Certain organics, such* as^henoJ's; may be toxic to treatment microorganisms. 

Greas^ and oils are qui.ckly ttiadegradable. 



jareases and oilsonhibft dj^sp^rslon of o)<y£jeh,Ho;mifcrporganism§. 

/ , ' » * ' 
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16. ' 

17. " 

r 

18. 



jc; known as alkvlbenzene sulfonated 



Detergents are not organic compounds. 



Phenols are substances whichf will- cjuse taste and, odor problems* in 



water supplies. 
Answer the following; 

19i Illustrate the benzene ring graphically. 

20. Illustrate phenol graphically ^ ' ' ^ 

^Tl in the following blanks:^- ' ^ 

2i;| Loss of weight in the volatile solids test gives an indication o^ the 

' * (organic, inorganic) _^ " ' cogent of the sample, 

• ; ^ , . • - 

22^ Biochemica^loxygen demand is a methoji for determining ^the relative 

\ (organic, inorganic) quantities in wastewater. • * 

\ * , ^ . ' • 

23i (aTkalinity, salinity) is. known as the presence of 

. I dissolved inorganic substances in water. 

.£4. InorganicaCdissolve into (molecules, ions). 

Trie or False * • ' . * . 



256 



Dissolved ions may decrease the solubility of- gases in water. 



26. \ yi ^itrates. and phosphates act as nutrients for algae. 
'27.'. ' L ow sali/iity may inhibit or kill microorganisms. ^ 

28. Sulfate and phosphate ions fcause -hardness . • 

29. ^ . _Cations of "mercury and lead, may be toxic to animals. 



/ 
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Evaluation — Part B Answers 



Carbon 

2. Higher, combustible, less, are 

3. 4 ^ . • 
4/ Methane 

5. Benzene , 



6. • T 




7. T ^ 




8.. 




9. T 




10. . F 


• 


11. F • • 




12. T ' - 




1,3. T 


• < 


14. ^ 




15." T , 




^16. T ■ 


• 

• 


17. F ■ • 

* 


U 


18. T 


i 

\ 


19. ■ 


* 


• * * 


* » 





20. 



OH 



phenol 



85* 
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.2l« Organit: 



22. Org^ic 

.23. ' Salinity 

24. 'Ions 

25. T •. 

26. T 
27^' F 

28. F ' 

29. T 
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Advanced Chemistry for Operators^ 






Submodule^Tltle'^/ 




Approx. Time: 


r 
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* 


EVALUATION- - |>'art"C - Coagulation • . ^ ' 



Evaluation Questions - 70% 
True or False 



2. 
3. 



JThe' basis* for colloidal st^ability is the repulstool)/ similarly charged., 
colloidal parti cjes wi th"*abnormally long r^^tention twines* 

_^Destabilization of colloids' is brought Ibojut by counter-i.on absorption 



If the Vander Waals 'forces are stronger .th^n the repulsive fordes of, the zeta 



/ /. j)otential coagulation will occur,. 
4^"1^1:__C^1 1 0 j ds^re th^^size of ions,. 



5., 

I 



2 ^Ferric, S'titfat'e and aluminum sulfate are the two main trivalent salts used 

in coagulation/ • t ' % 



?9 



particles (coTloids) will not. coal ea'ce (coagylate) if fha^zeta potenti^tl 

prbduces' repulsive 'forces irjf excess .of Vander Waal s force. ; -r '^' 



Jhe object,ive of , coagulation is the removal oj 
an incVeasB in*sediTnentation, ^ 



of colloidal dispersions catising 



Answer the folloy^n'q : 



8•^ Name 3 things that are removed by coagulation,' ^ 

9. I>Vustra,te,^ by equation, how alu^ninum s^ilfate di^SQciates to yield its^ Atari ous.. 
component, ions, . ' - . . . / - ' -^i^l^: ;/.' 




True or. False 



10, 



J*olyelectrqnytes serve, as coagulant aids by neutralization of co11oi<faV 
""charged, \ * ^ . ^ ^ ' \ ' - 



^PolAfmers act to>d^s4:abili2e V'clrophiVic colloids py bath charge neutral izati 
^ and'^ bridging principles, , . :y\ * ^ . . / '♦'^ V 

Dojnestic seWage contains mostly KydriophfLlie colloids;'.. . 



on 



•if*'- 



r 
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Evaluation - Part C - Answers 



1. T C.. . 

2. T 



3. . T 

5. T ■ , ■ . . , ^ ; 



1^ 



7/T 



■ J 



8., Algae,, tastes and odorn co\or, phosphates, organic and inorganic cplloid% 
J)acteria, turbidity, pfHj?phates,-sonie tieavy metals, some radioactfvi ty, I 

: . " ^ — . " 

9. ,.^12(504)3 t^HpO Al-^^"^ + 3 %" ' " ' ^ . " ' ' >^ 

Al+++'+'OH" A1(0H)+'^ ^ ' " ' ; * •') 



10!* T. 



I- 



♦■A1(0H)2.^ .Various hydrolysis complexes 
A1(0H)3 ■ - ■ " 4 '• 



11. T • '^d^ 



12. -^T 



1^ 



^ 
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Module Title: ' 

Advanced^ Chemistry fh'r Operators 



Submodutg^ Title: 



EVALUATION - Part D Pesticides, Heavy Metals,^ Radioactivity 



V. 



Ol^ject4ves: - 
Evaluation Qaestions - 70% 
Answer the following.^riefly: 



1. List .the 3 major types -o^ s^ntheti^c^^organic pesticides. 

2. Name 3 ways pesticides can be introduced into streams. 

- • . , . ] . 4 

True or False - ^ 
3.. 

4. 



JDrganocfilorines .are less susceptibly to biological degradation than, 
orjanophosphates . I ^ 



_prganochlor1nes' w^ll accumulate to i'lesser degree in animal tissue than 
organqphosphates.'^ ' | . > 



5. ■ . R unoff (agricultCtral) .is fespdpsible for a significant portion of 
pesticides ddposi ted^in strea^ 

6. 



JDrganochlorihes are relativel^t'f^sojuble in water and a large portion 
can be adsorbed on suspended ^lids: at- various times. 



7. 
8. 



^Pesticides cannot be bioconterj 



i^rate^ 



through food chai-ns. 



Pesticides can^be degraded through bacterial decomposi tiun. 



Answer t^he following : * ^ 
9. ^st 4 hea>y metals'%y'Symbal . . . ^ ^ . * 

10. Heavy metals will occur mostly in (indastfial, dom6st-|c) . . 

"^^w'astewater. . ' ^ ^ ^ . * C • . * , * 

11. ^ Heavy metals c^ (inhibit, promcJte) grpwth of treatment microorganisms. 

12. Heavy metals (may, fnay n6.t) accumulate through food chains-^and possibly, induce 
toxicity- in man. ■ "* 17 ■ ' ' - • ' * 

True or false, k ■ , f . .' . • 

, ' J , ' ^ ' > ^ • . ^ 0 ' 

is. T he form, organic or in'organic, of heav^ metals is an important factor in- 
\ determining toxitity-to humans! ; .. , ^ ' . ' / > ' 



14* 



_Heavy metals can produce heavy metal cations in water 
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15. 

16. 
17. 

MS:' 

19>. 

20. 
21. . 
22. 

23. 

24. 



_Most heavy nietals are non-toxic to treatment microorganisms at" 
extremely large concen-trations. ' . 

All atoms are "radioactive. 



The atomic nucleus is made up of electrons.. 



_Gamma rays have much less penetrating power than alpha' rays. 

JThe classical atom »c6nsists of a'^^g^tral nucleus composed of 
protons and neutrons "about which rotate electrons ^n distinct* 
orbits. - • 

Jhe unit of rad^i ©activity is defined as the curie, 

J\tomic1weights of radioactive atoms (elements) are large. 

_Nucleal' reactors in power. plants are a potential source of 
' adioactive waste irTi streams.-: 



Xenonl tritium* ^krypton are radioactive environmental wastes frbni 
'riuclea| power^lants|. - ^ ' - . .. 



Radioactive -uranium will ultimately disintegrate into a stable 



form of lead. 



4 



\ 



9t) 



.... <\ 
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Evaluation^- Part D - Answers 



■4 



1. Organochlorines^ (chlorinatecT hydrocarbon pesticides) 



Organophosphates ' 



Carbamates , 

2. Runoff - agricultural 
- j^unoff - industrial. 

Wind - spr^iying 

3. -.J • -i/* 

4. F • \ ■ • - 

5. T : " . 

6. T ■ . ^ ' r . 

8. X ^' • ' . . ' 

;9.- *As. Cd, Be, Cr. 1. Mn, Se^ Ni, Pb, Hg 




ItJ. Industri-al , ' 

"^-ll. Inhibit 

12. May 

13. f 

•14. T ' ..y . 

15. 'F- , 

16., F 

17. ' F . '•. . 

18. F . ' " 

19.,. t: . 

20. ' Y ' ^ ' • 
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